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In preparing this assessment in each 
of the last five years, the Worldwatch 
Institute has in effect given the earth 
an annual physical examination, 
checking its vital signs. The readings 
are not reassuring: The  earth’s 
forests are shrinking, its deserts 
expanding, and its soils eroding—all 
at record rates. Each year thousands 
of plant and animal species 
disappear, many before they are 
named or catalogued. The very 
temperature of the earth appears to 
be rising, posing a threat of unknown 
dimensions to virtually all the life- 
support systems on which humanity 
depends. 


State of the World 1988 warns that ` 
societies’ use of fossil fuels poses 
unacceptable risks of climate change 
and environmental changes, just as 
previous editions have profiled the 
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Foreword 


In this foreword to our fifth annual as- 
sessment of the state of the world, we 
reflect on the events of the past five 
years. As always, we are concerned with 
the relationship between ourselves and 
the natural systems and resources on 
which we depend. Both that relationship 
and people’s perception of it are chang- 
ing. 

Changes in atmospheric chemistry— 
air pollution, acid rain, ozone depletion, 
and the buildup of greenhouse gases— 
have attracted the attention of scientists 
and aroused concern among the general 
public. Ozone depletion due to the dis- 
charge of chlorofluorocarbons into the 
atmosphere seemed to stir little more 
than academic interest when we were 
launching this series. Today, it is a con- 
cern, of national governments every- 
where. 

Evidence accumulating over the last 
five years indicates that the earth’s tem- 
perature has begun an upward climb. 
Within governments, a vague awareness 
of the environmental consequences of 
climate change is giving way to a deep- 
ening concern. This is perhaps most 
Pronounced in some low-lying coun- 
tries, where rising sea level could be at 
best extraordinarily costly—at worst, 
Catastrophic. 

Public perceptions of the links be- 
tween human activity and environmental 
degradation are also changing. Five 
years ago, famine in Africa was at- 
tributed exclusively to drought. Today, 
the spectre of famine that again threat- 


ens Africa is seen as the result of a com- 
plex mix of politics, economic pressures, 
and the deteriorating relationship be- 
tween a population expanding at 17 mil- 
lion per year and the natural systems on 
which those people depend. Simple pre- 
scriptions are yielding to more challeng- 
ing yet more realistic appraisals. 

The last few years have witnessed an 
extraordinary burst of international con- 
cern over the future of the earth’s tropi- 
cal rain forests. People are starting to 
realize that if this irreplaceable resource 
is lost, much of the earth’s diversity of 
plant and animal life would also disap- 
pear. They have come to share a sense of 
foreboding, a sense that the human 
prospect may be tied more closely to the 
future of these forests than is generally 
realized. 

On a broader level, threats to human 
security are now seen much more in en- 
vironmental and economic terms and 
less in political ones. In both the United 
States and the Soviet Union, there is a 
growing awareness that the arms race 
has sapped economic strength and 
eroded rather than reinforced political 
influence. The notion advanced in State 
of the World 1986 that Japan was the only 
winner of the U.S.-Soviet arms race is 
now widely accepted. 

Major leadership changes have oc- 
curred in some key countries. Nowhere 
has this been more dramatic than in the 
Soviet Union. Attention has focused on 
Mikhail Gorbachev's economic and po- 
litical reforms, but his environmental vi- 


(xvi) 
sion seems equally far-reaching. Several 
years before he became General Secre- 
tary of the Communist Party, Gorbachev 
urged a much greater soil conservation 
effort to protect the Soviet Union’s ra- 
pidly eroding soils. Scarcely a year after 
Gorbachev took office, the Soviet Union 
appears to have abandoned the long- 
standing dream of diverting southward 
the rivers that empty into the Arctic 
Ocean. Attention has turned to the more 
modest but sustainable path of irrigating 
more efficiently with existing water sup- 
plies. Gorbachev’s avowed vision of re- 
structuring Soviet society seems based 
on acceptance of environmental as well 
as economic realities. 

China, home for over a fifth of human- 
ity, is leading the way in redefining secu- 
rity. It has reduced the military share of 
its gross national product by half; greatly 
increased the share devoted to reforesta- 
tion, family planning, and food produc- 
tion; and introduced extensive reforms 
designed to raise economic efficiency. As 
a result, food production per person has 
risen by half over the last decade and 
living standards have improved dramati- 
cally. China’s reappraisal has already 
paid handsome economic dividends. 

At the international level, the report 
of the U.N.-established World Commis- 
sion on Environment and Development 
marks a milestone in recognition of the 
common challenges that face nations 
today. Led by Norwegian Prime Minister 
Gro Harlem Brundtland, Commission- 
ers from 21 countries with differing cul- 
tures, economic systems, and political 
ideologies reached an unprecedented 
consensus on a global agenda for 
change—change among nations and be- 
tween human institutions and the envi- 
ronment that sustains them. 

The World Bank, faced with failed de- 
velopment policies in a number of coun- 
tries, initiated a reorganization that 
includes elevating environmental con- 
cerns to a central position in the formu- 
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lation and execution of development 
policy. The Bank’s directors now ac- 
knowledge that economic development 
strategies that are not environmentally 
sustainable are doomed to failure. In- 
deed, the concept of sustainable devel- 
opment has gained widespread accept- 
ance. Although the criteria for judging 
sustainability are still being developed, 
the need to incorporate environmental 
considerations into planning is now an 
article of faith among planners in some 
quarters, 

One small indication of the rising pub- 
lic concern about these issues is the 


. growing interest in the State of the World. 


As public awareness of the population 
arithmetic, energy policies, and environ- 
mental trends threatening to undermine 
the human prospect has become more 
widespread, sales of the annual report 
have climbed. Print runs have increased 
from 27,000 for State of the World 1984 to 
88,000 copies for State of the World 1987. 
Sales of this volume are expected to top 
100,000. 

Translation into other languages also 
continues to expand. In addition to En- 
glish, State of the World now appears in 
Spanish, Arabic, Chinese, Japanese, 
German, Italian, Polish, and several less 
widely spoken languages. Discussions 
are under way on a Russian language 
edition. With a worldwide market es- 
timated at nearly a quarter of a million 
copies, State of the World may be the most 
widely read work of public policy re- 
search in the world today. 

The adoption of State of the World for 
course use in U.S. colleges and universi- 
ties has grown dramatically too. State of 
the World 1984 was ordered by 102 U.S. 
colleges and universities; State of the 
World 1987 has been adopted for course 
use in over 400 such centers of learning. 
Advance orders for State of the World 1988 
indicate that this trend is continuing. Al- 
though not designed as a textbook, Stale 
of the World has become one of the most 


on 
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popular college texts in the United 
States. 

Course adoptions account for nearly 
one fifth of U.S. sales of State of the World, 
but no single category of buyers domi- 
nates. Perhaps the largest single group 
consists of concerned citizens—people 
who are worried about toxic wastes, 
mounting population pressures, or the 
loss of biological diversity. Government 
officials, national and local, generate a 
steady stream of orders for the English 
edition from all over the world. Some 
foundations distribute State of the World 
to their trustees. At Cable News Net- 
work, it is required reading for some 200 
senior producers and reporters. 

The challenge to scientific and politi- 
cal leaders everywhere, and indeed to 
this institute, is to raise public awareness 
past the threshold needed to mount ef- 
fective political responses to a new gen- 
eration of problems. The past five years 
have been punctuated by the emergence 
of unexpected environmental threats, 
new evidence of environmental deterio- 


(xvii) 
ration, and, on occasion, dramatically 
successful responses to these threats. 
There can be little doubt, however, that 
the pace of environmental deterioration 
continues to accelerate. 

We are left with the sobering realiza- 
tion that our generation is the first 
whose decisions will determine whether 
the earth will remain habitable. Unless 
ripples of public awareness build to a 
groundswell of support for far-reaching 
change, we may not be able to reverse 
the trends that are undermining our 
children’s future. 


Lester R. Brown 
Project Director 


Edward C. Wolf 
Associate Director 


Worldwatch Institute 
1776 Massachusetts Ave., N.W. 
Washington, D.C. 20036 
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‘The Earth's Vital Signs 


Lester R. Brown and Christopher Flavin 


[n preparing this annual assessment dur- 
ing each of the last five years, we have in 
effect given the earth a physical examina- 
tion, checking its vital signs. The read- 
ings are not reassuring: The earth’s for- 
ests are shrinking, its deserts expanding, 
and its soils eroding—all at record rates. 

Each year thousands of plant and ani- 
mal species disappear, many before they 
are named or catalogued. The ozone 
layer in the upper atmosphere that pro- 
tects us from ultraviolet radiation is thin- 
ning. The very temperature of the earth 


appears to be rising, posing a threat of ` 


unknown dimensions to virtually all the 
life-support systems on which humanity 
depends. 

Assessing these threats to the future 
can easily lead to apathy or despair, par- 
ticularly given policymakers’ preoccupa- 
tion with the East-West political conflict 
and global economic issues. Yet we can 
do something about the planet’s deteri- 
orating physical condition. Some of the 
steps needed to restore its health, in- 
cluding investment in energy efficiency, 
reforestation, and population stabiliza- 
tion, are sketched out in the chapters 
that follow. 


Units of measurement are metric unless common 
usage dictates otherwise. 


Time is short, since the deterioration 
of some life-support systems appears to 
be accelerating. As we worked on the 
first of these annual assessments in 
1983, we debated whether to report that 
a West German forest survey had found 
some 8 percent of that nation’s forests 
showing signs of damage, possibly from 
air pollution and acid rain. That discov- 
ery, though disturbing, seemed little 
cause for international alarm. Today, 
over half of West Germany’s forests are 
damaged, and the link to air pollutants is 
all but conclusive. The most recent tally 
for Europe, excluding the Soviet Union, 
shows some 31 million hectares of dam- 
aged forests, an area the size of West 
Germany.! 

Four years ago the so-called green- 
house effect expected to result from ris- 
ing atmospheric concentrations of car- 
bon dioxide (CO,) was a widely accepted 
hypothesis, but an actual warming 
seemed remote. Since then new evi- 
dence indicates that the long-projected 
warming of the earth is already under 
way. And in the last few years, scientists 
have concluded that emissions of several 
other gases—including chlorofluoro- 
carbons (CFCs), nitrous oxide, and 
methane—are contributing to the warm- 
ing.? 
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The depletion of the ozone layer due 
to CFC production was also seen as a 
remote threat just four years ago, one 
not expected to materialize until some- 
time well into the next century, if ever. 
Since then, puzzling new findings: have 
lent urgency to this issue. A dramatic de- 
pletion of ozone occurs over Antarctica 
each September, scientists have discov- 
ered, and each year since 1979 it has 
grown worse. By 1987, what had become 
known as the ozone “hole” was twice the 
size of the continental United States. 
Though the hole involves a series of as 
yet poorly understood chemical reac- 
tions, it could portend an unexpectedly 
rapid ozone depletion globally and 
translate into lowered crop output and 
rising skin cancer and eye damage as 
more ultraviolet radiation reaches the 
earth.’ 

All human activities affect the earth’s 
physical condition, but two are dispro- 
portionately important: energy use and 
population growth. Heavy dependence 
on fossil fuels has caused a buildup of 
carbon dioxide in the atmosphere that 
threatens to warm the earth. Pollutants 
from fossil fuel burning have also led to 
acidification and the death of lakes and 
forests. Advances in human health have 
led to unprecedented reproductive suc- 
cess and a growth of population that in 
many countries is overwhelming local 
life-support systems. 

Although efforts to deal with these 
threats are lagging badly for the world as 
a whole, some important national steps 
have already been taken. With China’s 
substantial reduction in its birth rate, 
nearly half the world’s people now live in 
countries where fertility is either below 
replacement level or approaching it. 
Energy efficiency gains in the Western 
industrial countries and Japan have 
slowed the depletion of world oil re- 
serves and the rise in carbon emissions 
that cause the greenhouse effect. A five- 


year U.S. soil conservation program 
could cut excessive soil erosion from the 
nation’s croplands by four fifths when 
fully implemented. Other national com- 
mitments are badly needed in areas 
ranging from deficit reduction to forest 
planting.* 

Many of the world’s problems, includ- 
ing ozone depletion and climate protec- 
tion, cannot be solved without interna- 
tional action. In these areas, any one 
country’s efforts to change would be 
overwhelmed without global coopera- 
tion, This sense of international respon- 
sibility marked the September 1987 
signing in Montreal of international ac- 
cords to limit the production of chloro- 
fluorocarbons to protect the earth’s 
ozone layer. These accords, although 
modest in scope, were a signal achieve- 
ment and could become a model for fu- 
ture agreements." 

Another example of renewed interna- 
tional cooperation was the unanimous 
agreement by the United Nations Secu- 
rity Council in September 1987 to call 
for a cease-fire in the Iran-Iraq war, 
based on a detailed peace proposal fash- 
ioned by the United States and the So- 
viet Union. Whether the effort succeeds 
or not, this willingness by the superpow- 
ers to give the Security Council the ac- 
tive peacekeeping role its creators in- 
tended augurs well for the increased 
effectiveness of this long-neglected 
instrument of international coopera- 
tion.® 

These developments suggest a new 
era, one in which attention shifts away 
from East-West ideological conflicts and 
toward the reestablishment of an earth 
with stable, healthy vital signs. The 
world has come a long way from the mid- 
seventies, when environmental concerns 
were considered something that only the 
rich could afford to worry about. Today, 


they are concerns no one can afford to 
ignore. 


The Earth's Vital Signs (5) 


THE EARTH’s ANNUAL 
PHYSICAL 


Tree cover is one of the most visible in- 
dicators of the earth’s health and, be- 
cause trees are an integral part of basic 
life-support systems, one of the most 
vital. On sloping land, the loss of trees 
can accelerate rainfall runoff and in- 
crease soil erosion, diminishing land 
productivity and aggravating local 
flooding. Where tree cutting exceeds re- 
growth, deforestation releases carbon 
that contributes to the buildup of atmo- 
spheric carbon dioxide and a warming of 
the earth. (See Chapter 5.) 

Despite the. essential ecological and 
economic contribution of trees, data on 
changes in the earth’s tree cover are not 
regularly gathered. The most recent as- 
sessment of tropical forests was pub- 
lished in 1982 by the U.N. Food and Ag- 
riculture Organization (FAO), and even 
this was based largely on extrapolations 
from incomplete data rather than com- 
prehensive surveys. Yet, when India 
turned to satellite photography, scien- 
tists there discovered a far more rapid 
forest loss than had been previously es- 
timated. Between 1972-75 and 1980- 
82, the country lost 9 million hectares of 
tree cover, roughly 1.3 million hectares 
per year. At this rate, India will lose most 
of its remaining 31 million hectares of 
forest by the end of the century.” 

The best available estimates on forest 
cover in 76 tropical countries indicate 
that 11 million hectares of forests are 
being cleared each year. (See Table 
1-1.) Land clearing for agriculture is the 
principal claimant, followed by commer- 
cial logging, firewood gathering, and, in 
Latin America, conversion to pasture for 
cattle ranching.’ 

In addition to the loss of forests in the 
Third World, woodlands in the northern 
tier of industrial countries are being de- 
graded by air pollution and acid rain. By 


1986 half the forests in the Netherlands, 
Switzerland, and West Germany showed 
signs of damage. As noted earlier, for- 
ests throughout Europe are now affected 
to some degree. As chemical stresses 
mount, this resource is not only losing 
productivity, but changes in soil chemis- 
try on some types of soils make replant- 
ing impossible.’ 

One consequence of declining tree 
cover and expanding agriculture is ac- 
celerated soil erosion. Over long 
stretches of geological time, soil forma- 
tion exceeded erosion, leading to the ac- 
cumulation of a rich layer of topsoil, 
typically 6-10 inches deep, over much of 
the earth’s surface. In recent times, 
deforestation, overgrazing, and the 
spread of agriculture onto erodible 
lands have reversed this long-term 
trend, leading to a gradual depletion of 
this life-sustaining layer. 

A 1982 survey of soil erosion in the 
United States, based on at least a million - 
readings, showed that farmers are annu- 
ally losing more than 2 billion tons of 
topsoil in excess of new soil formation. 
Worldwide, an estimated 26 billion tons 
are being washed or blown off cropland 
each year. Despite topsoil’s essential 
economic role, only a few countries 
regularly monitor these losses.!° 

As erosion continues, land gradually 
loses its inherent productivity, threaten- 
ing the livelihood of those who depend 
on it. A study commissioned by the Soci- 
ety for Promotion of Wastelands Devel- 
opment in India found that 39 percent of 
that nation’s land is now degraded. (See 
Table 1-2.) In a 1985 radio address to 
the nation, Prime Minister Rajiv Gandhi 
reflected the plight of many Third 
World countries: “Continuing defores- 
tation has brought us face to face with a 
major ecological and economic crisis. 
The trend must be halted.” Gandhi went 
on to commission a National Wastelands 
Development Board charged with turn- 
ing 5 million hectares of degraded land 
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Table 1-1. Changes in the Earth’s Physical Condition 


Indicator Reading 
ee ESS E 
Forest Cover Tropical forests shrinking by 11 million hectares per year; 31 


million hectares in industrial countries damaged, apparently by 
air pollution or acid rain. 


Topsoil on Cropland An estimated 26 billion tons lost annually in excess of new soil 


formation. 

Desert Area Some 6 million hectares of new desert formed annually by land 
mismanagement. 

Lakes Thousands of lakes in the industrial north now biologically dead; 


thousands more dying. 


Fresh Water Underground water tables falling in parts of Africa, China, India, 
‘ and North America as demand for water rises above aquifer 
recharge rates. 


Species Diversity Extinctions of plant and animal species together now estimated at 
several thousand per year; one fifth of all species may disappear 
over next 20 years. 


Groundwater Quality Some 50 pesticides contaminate groundwater in 32 American 
states; some 2,500 U.S. toxic waste sites need cleanup; extent of 
toxic contamination worldwide unknown. 


Climate Mean temperature projected to rise between 1.5 and 4.5 degrees 
Celsius between now and 2050. 


Sea Level Projected to rise between 1.4 meters (4.7 feet) and 2.2 meters (7.1 
feet) by 2100. 


Ozone Layer in Upper Growing “hole” in the earth's ozone layer over Antarctica each 
Atmosphere spring suggests a gradual global depletion could be starting. 
source; Compiled by Worldwatch Institute from various sources. 


every year into fuelwood and fodder sible. Many manufactured chemicals are 
plantations.!! toxic to human beings, yet millions of 
One of the most difficult things to people are inadvertently exposed 
measure is the contamination of soiland through the use of pesticides in agricul- 
water. With hundreds of millions oftons ture and the disposal of industrial chem- 
of chemicals produced each year, and ical waste. (See Chapter 7.)!2 
some 70,000 different ones now in ev- The health of the earth’s inhabitants 
eryday use, keeping tabs on their where- cannot be separated from that of the | 
abouts and monitoring their effects on planet itself. Contaminations by indus- 
people and the environment are impos- trial chemicals in communities such as 
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Table 1-2. India: Extent of Land 
Degradation, Circa 1980 


Land Type Area 
(million 
hectares) 

Degraded Nonforested 94 

Land 
Saline and Alkaline Land 7 
Wind-eroded Land 13 
Water-eroded Land 74 

Degraded Forested Land 35 

Total Degraded Land 129 

National Land Area 329 


source: D.R. Bhumba and Arvind Khare, “Esti- 
mate of Wastelands in India," Society for Promo- 
tion of Wastelands Development, New Delhi, 
undated. 


Love Canal in the United States and 
Seveso in Italy have led to permanent 
evacuations, creating a new class of envi- 
ronmental refugees. In Brazil, where 
concentrations of industrial wastes 
along the southern coast have reached 
life-threatening levels, the industrial city 
of Cubatão is locally referred to as the 
“Valley of Death.” !3 

Eastern Europe suffers from some of 
the highest concentrations of industrial 
waste found anywhere. In Poland, where 
chemical contamination has rendered 
one fourth of the soil unfit for food pro- 
duction and left only 1 percent of the 
water safe for drinking, life expectancy 
for men between 40 and 60 years old has 
fallen back to the level of 1952. Thirteen 
million of the country’s 40 million resi- 
dents are expected to acquire at least 
one environmentally induced illness— 
respiratory disease, cancer, skin disease, 
or afflictions of the central nervous sys- 
tem. In Poland, “environmental devasta- 
tion has become a feature of everyday 
life,’ observes French scientist Jean 
Pierre Lasota.!4 


Similar horror stories are reported for ~ 
East Germany and Czechoslovakia, 
which like Poland have spent little on 
pollution control and are shifting from 
reliance on oil to low-grade brown coal. 
In Czechoslovakia’s heavily industrial- 
ized northern Bohemia, the incidence of 
skin disease, stomach cancer, and mental 
illness is at least double that in the rest 
of the country. And life expectancy there 
is up to 10 years shorter than elsewhere 
in Czechoslovakia.'® 

At the global level, the ink on the 
Montreal accord to reduce chloro- 
fluorocarbon use was scarcely dry when 
research teams reported another dra- 
matic drop in the earth’s protective 
shield of ozone during the Antarctic 
spring months of September and Octo- 
ber. In congressional testimony on their 
findings, Peter E. Wilkniss, director of 
polar programs at the National Science 
Foundation, expressed concern over the 
health of the scientists stationed in Ant- 
arctica. Expedition leaders were particu- 
larly concerned about eye damage. Wilk- 
niss said the foundation was discussing 
team findings with the governments of 
Argentina and Chile, two of the coun- 
tries whose residents would be affected 
most immediately by increased ultravio- 
let radiation if the ozone “hole” over 
Antarctica continues to expand.'® 


EE 


The health of the earth’s inhabi- 
tants cannot be separated from that 
of the planet itself. 


OO 


Other witnesses before the congres- 
sional panel addressed the question of 
ozone depletion elsewhere. F. Sherwood 
Rowland, atmospheric chemist from the 
University of California, who initially 
postulated the link between chloro- 
fluorocarbons and ozone during the 
early seventies, reported that monitor- 
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ing stations in North Dakota, Maine, and 
Switzerland had recorded wintertime 
drops in the ozone layer of up to 9 per- 
cent. As a result of these findings, sev- 
eral prominent atmospheric scientists, 
such as Rowland and Michael McElroy of 
Harvard, are already urging much more 
stringent reductions of chlorofluoro- 
carbons than the Montreal accord calls 
for.!7 

Another of the earth’s vital indicators, 
the amount of carbon dioxide and other 
greenhouse gases in the atmosphere, 
can be measured rather precisely. Since 
1958, careful recordings have shown 
that the atmospheric CO, concentration 
is rising each year. This increase, com- 
bined with that of trace gases, may be 
warming the earth more rapidly than 
had been anticipated.'8 

As forests disappear, as soils erode, 
and as lakes and soils acidify and become 
polluted, the number of plant and ani- 
mal species diminishes. This reduction 
in the diversity of life on earth may well 
have unforeseen long-term conse- 
quences. (See Chapter 6.) One thing is 
certain: Without a dramatic reordering 
of priorities, our grandchildren will in- 
herit a less healthy, biologically impov- 
erished planet, one lacking in aesthetic 
pleasure as well as economic opportuni- 
ties. 


POPULATION GROWTH AND 
LAND DEGRADATION 


When the rate of world population 
growth began to slow after reaching an 
all-time high of around 2 percent in 
1970, many saw this as a healthy sign. 
Since then the rate of growth has gradu- 
ally declined, falling below 1:7 percent 
per year during the eighties. Unfortu- 
nately, it has not declined fast enough. 


The annual increment of births over 
deaths has climbed from 74 million in 
1970 to 83 million in 1987. During the 
nineties, it is projected to surpass 90 mil- 
lion before moderating as the next cen- 
tury begins. (See Table 1-3.) 

As the global population increment 
passed 80 million per year and as the 
addition in the industrial countries ap- 
proached zero, more of the annual incre- 
ment has been concentrated in the Third 
World, where human demands often 
overtax local life-support systems al- 
ready. As a result of this record popula- 
tion addition, the relationship between 
people and life-support systems is also 
changing at an unprecedented speed, 
and in ways that are poorly understood. 

When annual population additions are 
coupled with heightened stress on local 
life-support systems, shortages of food, 
fodder, and fuel can emerge almost 
overnight. Development economists 


Table 1-3. World Population, 1950-85, 
With Projections to 2000 


Annual Annual 

Year Population Growth Rate Increase 

(million) (percent) (million) 
1950 2,516 1.6 40 
1960 3,019 1.8 54 
1970 3,693 2.0 74 
1980 4,450 1.8 80 
1985 4,837 iter 82 
1990 5,246 1.6 84 
1995 5,678 1.6 91 
2000 6,122 15 92 


eee ee. eee ee O 
source: Derived from United Nations, World Popu- 
lation Prospects, Estimations, and Projections as Assessed 
in 1984 (New York: 1986). 
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typically focus on changes in the rate of 
population growth, but a more vital sign 
is the relationship between population 
size and the sustainable yield of local for- 
ests, grasslands, and croplands. If the 
demands of a local population surpass 
these sustainable yields, the systems will 
continue to deteriorate even if popula- 
tion growth stops. 

Most often, the demands of rapidly ex- 
panding Third World populations first 
exceed the sustainable yield of local for- 
ests. An FAO study estimated that in 
1980 some 1.2 billion people were meet- 
ing their firewood needs only by cutting 
wood faster than nature could replace it. 
The result of this obviously unsustain- 
able trend is deforestation.!9 

Current demand for firewood is satis- 
fied by sacrificing the longer term sup- 
ply. As nearby forests dwindle and disap- 
pear, women and children travel further 
and work harder to meet minimal fire- 
wood needs. Eventually, as in some vil- 
lages in the Andes and the African Sahel, 
firewood scarcity reduces people to one 
hot meal per day.2° 


Population growth and skewed 
land distribution drive farmers 
onto marginal land that is highly 
erodible. 


In 1982, India’s remaining forestland 
could sustain an annual harvest of only 
39 million tons of wood, far below the 
estimated fuelwood demand of 133 mil- 
lion tons. The gap of 94 million tons was 
closed either by oyercutting, thus com- 
promising future forest production, or 
by burning cow dung and crop residues, 
which compromises future soil fertility. 
By the end of the century, the gap will be 
far larger if India’s population continues 
to grow and if its forests continue to 
shrink.?! 


Although no comprehensive global 
survey has been done of pressure on 
grasslands, available data indicate that 
excessive demands closely parallel those 
for firewood. As human numbers multi- 
ply, so do the livestock populations that 
supply draft power, food, and, increas- 
ingly, fuel in the form of cow dung. The 
fodder needs of livestock populations in 
most Third World countries now exceed 
the sustainable yield of grasslands and 
other forage resources. A study on 
grassland conditions in nine countries of 
southern Africa reports that cattle num- 
bers exceed carrying capacity in each by 
50 to 100 percent.?? 

In India, demand for livestock fodder 
by the year 2000 is expected to reach 
700 million tons, while the supply will 
total just 540 million tons. The National 
Land Use and Wastelands Development 
Council has observed that in states with 
the most serious land degradation, such 
as Rajasthan and Karnataka, fodder sup- 
plies satisfy only 50-80 percent of need, 
leaving large numbers of emaciated cat- 
tle. When drought occurs, hundreds of 
thousands of cattle die.?% 

A similar situation exists with crop- 
land. Continuous population growth 
and skewed land distribution drive land- 
hungry farmers onto marginal land that 
is highly erodible, incapable of sustain- 
ing cultivation over the long term. In 
other situations, traditional rotations of 
cultivation and fallow that were ecologi- 
cally stable have become unstable as the 
fallow cycle is shortened. 

The end result of deforestation, over- 
grazing, and overplowing is often deser- 
tification, a process that begins as the 
finer particles of soil are washed or 
blown away, eventually leaving only the 
coarser particles of sand and gravel. 
Land misuse and mismanagement drives 
the process of desertification, but it is 
often brought into focus by drought. 
The West African drought of the early 
seventies marked not only the beginning 
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of wholesale land degradation and 
desertification of the continent, but also 
the downturn in per capita food produc- 
tion and the onset of periodic famine. 

In recent years, drought and deser- 
tification have often been confused. 
Drought is a meteorological phenome- 
non, a below-normal amount of rainfall. 
Desertification is a product of land mis- 
use and of mismanagement that de- 
grades the land. Low rainfall does not 
necessarily lead to desertification. By the 
same token, high rainfall does not insure 
against it. 

Efforts to monitor trends in Africa 
over the last decade show that desertifi- 
cation is now an ongoing process in 
some 22 countries for which data are 
available. In the seven Sahelian zone 
countries of West Africa where the rate 
of deforestation is seven times the Third 
World average, desertification is ram- 
pant. The World Bank reports that 
“desertification in just one country, 
Mali, has drawn the Sahara 350 kilome- 
ters farther south in the last 20 years.’’24 

One of the better measurements of 
the onset of Africa’s environmental: de- 
cline comes from an atmospheric moni- 
toring station thousands of miles away. 
Robert Mann, with nearly three decades 
of experience in African agriculture, 
writes that “dust fallout across the Atlan- 
tic from the African continent, measured 
at Barbados in the West Indies, in- 
creased from 8 micrograms per cubic 
meter in 1967/68 to 15 micrograms-in 
1972 and 24 micrograms in the summer 
of 1973. Here is the Sahel catastrophe: a 
3-fold increase in measured fallout at a 
distance of 4,700 kilometers west of the 
Sahel, and that dust is not sand but top- 
soil.”25 

Concern with a similar situation in 
India led to a May 1986 seminar in New 
Delhi entitled “Control of Drought, 
Desertification, and Famine,” attended 
by nearly 100 professionals. The organ- 
izers were concerned that the “tempo- 
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rary phenomenon of meteorological 
drought in India is tending to’ be con- 
verted into the permanent and pervasive 
phenomenon of desertification, under- 
mining biological productivity of soil 
over large parts of the country.”’?6 

Participants pointed out that studies 
in India reveal that “‘scarcity of water, 
food, and fodder are occurring sys- 
tematically over a longer time span and 
even during years of normal rainfall.” 
The official response to water shortages 
often is simply to drill deeper wells, but 
this treats the symptoms, not the cause. 
Echoing Prime Minister Gandhi’s con- 
cerns about a major ecological and eco- 
nomic crisis, those at the seminar con- 
cluded that “the threat of desertification 
and its most acute expression through 
famine may become a real and massive 
one in the years to come.”?7 

In developing countries, the bottom 
line in the relationship between rapid 
population growth and land degradation 
is its effect on per capita food produc- 
tion. As recently as 1970, Africa, China, 
and India each produced between 160 
and 200 kilograms of grain per persona 
year. Since then Africa’s grain output 
per person has fallen by one fifth. (See 
Figure 1-1.) Eroded soils and poorly 
nourished crops inevitably lead to 
poorly nourished people. Without a 
massive effort to restore the health of the 
land in Africa, recurring famine will give 
way to chronic famine.?8 

In contrast to Africa, food output per 
person in China has been rising, an 
doing so dramatically over the past dec- 
ade. China has instituted fundamental 
agricultural reforms, steadily reduced 
the military share of its budget, and 
simultaneously shifted resources into 
family planning, reforestation, and soil 
conservation. Per capita grain produc- 
tion has risen by a third, with most of the 
increase coming over the last decade. 
With per capita grain production at close 
to 300 kilograms, animal protein intake 
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Figure 1-1. Annual Grain Production Per Person 
in Africa, China, and India, 1950-87 


has risen, malnutrition has largely disap- 
peared, and the threat of famine in 
China may now belong to history.?° 

India, a Green Revolution success 
story, has boosted output enough to 
eliminate grain imports, but not enough 
to raise per capita food consumption 
markedly. Faced with eroding soils and 
falling water tables, its per capita food 
production could turn downward. Al- 
though India’s massive grain reserves 
should permit it to weather the poor 
monsoon of 1987, it will be in serious 
trouble if there is a second. If it fails to 
check population growth and reorder 
priorities by shifting resources into the 
battle to restore its soil and water base, 
it is more likely to follow Africa than 
China. 


A DESTRUCTIVE ENERGY 
PATH 


Energy trends are an important indica- 


tor of the world’s economic and ecologi- 
cal health. One major affliction—over- 
dependence on Middle Eastern oil—was 
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greatly alleviated in the late seventies, as 
energy efficiency and structural adjust- 
ments in the world economy sharply re- 
duced the need to import oil and led to 
the dramatic price collapse of 1986. But 
world energy trends are not yet on a sus- 
tainable course. World oil consumption 
is again on the rise, and trends in energy 
use now appear to be at the root of some 
of the world’s most intractable environ- 
mental problems. 

Between 1950 and 1979, fossil fuel 
use worldwide quadrupled. Oil, the most 
versatile and easily transported fossil 
fuel, led this phenomenal growth, over- 
taking coal as the world’s leading energy 
source. This period was one of remark- 
able economic expansion, with a four- 
fold growth in the world economy 
roughly paralleling the growth in fossil 
fuel use. Food production more than 
doubled as farmers increased petroleum 
use at least fivefold. World auto produc- 
tion climbed from 8 million cars in 1950 
to 31 million in 1979. Electrical genera- 
tion multiplied eightfold.*° 

World energy growth slowed dramati- 
cally between 1979 and 1985, to an aver- 
age rate of just 1.5 percent per year, well 
under the rate of economic growth. This 
slowdown was led by an actual decline in 
oil use during a period of unprecedent- 
edly high prices, but it was partially off- 
set by an increase in coal consumption, 
as many countries switched to more eco- 
nomical but dirtier solid fuels. World 
coal use is now growing at a rate of 2.5 
percent per year, led by the world’s three 
energy superpowers—China, the Soviet 
Union, and the United States.*! 

Trends since early 1986 point to a par- 
tial resurgence of growth in world oil 
consumption and continued growth in 
coal use. Although Persian Gulf oil min- 
isters and Wyoming coal operators are 
undoubtedly cheered by this turn of 
events, it is in fact an ominous one. Any 
additional energy growth will add to 
the dangerous chemistry experiment 
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we are conducting on the earth’s atmos- 
phere. Lakes, estuaries, forests, human 
health, and the climate itself are now 
at risk.5? 

In the aftermath of the 1986 accident 
at Chernobyl, many policymakers have 
turned to coal as an alternative to their 
moribund nuclear plans. The Interna- 
tional Energy Agency, for example, pro- 
jects a 32-percent increase in coal-fired 
generating capacity in its member coun- 
tries by the year 2000. Meanwhile, 
China, which has the world’s largest coal 
reserves and which recently passed the 
Soviet Union as the world’s largest pro- 
ducer, has plans to almost double coal 
consumption by the year 2000. Due to its 
limited oil resources and a population of 
over I billion, growth in China’s coal use 
could well rank as the largest added 
source of sulfur dioxide and carbon 
emissions.33 

By the early eighties, activities such as 
generating electricity, driving automo- 
biles, and producing steel were each 
year releasing into the atmosphere over 
5 billion tons of carbon, close to 100 
million tons of sulfur, and lesser quanti- 
ties of nitrogen oxides. Carbon emis- 
sions closely track world energy trends, 
but because coal releases more carbon 
than does either oil or natural gas, the 
shift to coal accelerates the rise in car- 
bon emissions. Having paused at 5.0-5.2 
billion tons per year in the early eighties, 
carbon emissions are again moving up, 
adding over 100 million additional tons 
each year. (See Figure 1-2.) At a time 
when climatological evidence points toa 
need to reduce carbon emissions, they 
are actually rising.34 

Sulfur, nitrogen, and hydrocarbons 
are some of the dangerous pollutants 
produced when fossil fuels are burned. 
Although no reliable global figures exist 
on these pollutants, emissions are on the 
rise, except in those countries that have 
enacted strict pollution controls. Even 
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Figure 1-2. World Carbon Emissions From 
Fossil Fuels, 1950-87 


the United States has only managed a 
modest reduction of these emissions. 
The cities of most developing countries 
are meanwhile becoming increasingly 
choked with pollution, taking an un- 
known toll on buildings, human health, 
and nearby cropland.35 4 

The first signs of long-range ecologi- 
cal damage from these pollutants ap- 
peared in Scandinavia during the sixties, 
with reports of dwindling fish popula- 
tions in lakes. Soon thereafter it was 
found that in some bodies of water all 
aquatic life was disappearing. Sweden 
was the first country to report lifeless 
lakes, but other Scandinavian countries 
soon followed. (See Table 1-4.) Today, 
dying lakes can be found across north- 
eastern North America, Western Eur- 
ope, and Eastern Europe.36 

Nearly two decades were to pass be- 
fore evidence surfaced that the pollu- 
tants leading to acid precipitation an 
chemical changes in watersheds were 
also damaging and destroying trees. The | 
first solid warning came in the summer! - 
of 1982 from West Germany. Since then, 
evidence of damage has come from 
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Table 14. Acid Rain Damage to Lakes in Selected Areas 


Some 140 acidified lakes devoid of fish in Ontario in 1980; thousands 


Soils naturally high in buffering capacities; evidence of lake acidification 


Of 107 lakes surveyed near Helsinki in 1984, half either severely 


Extensive acid deposition damage found in south; of 5,000 lakes 


studied, fish population losses in 1,750 and serious acidification 


All bodies of fresh water now acidic; roughly 15,000 too acidified by 


airborne pollutants to support sensitive aquatic life; 6,500 lakes 
acidic for reasons other than air pollution; 1,800 lakes nearly lifeless. 


Declining fish catches in Scotland, Wales, and Lake District of England; 


Area Damage 
Canada 

experiencing biological damage. 
Denmark 

in some poorly buffered areas. 
Finland 

acidified or projected to lose all fish. 
Norway 

projected in 900 others. 
Sweden 
United 

Kingdom losses by fish farmers in Scotland and Cumbria in England. 


Eastern United 
States 
fish. 


Western United 
States 


Some 9,000 lakes threatened; 3,000 lakes east of Mississippi River 
acid-altered as of 1980; 212 lakes in Adirondack Mountains devoid of 


No aquatic ecosystems completely acidified as yet; most sensitive lakes 
in Sierra-Cascade system, Rockies, Coast Range. 


i 
source: Compiled by Worldwatch Institute from John McCormick, Acid Earth (Washington, D.C.: Interna- 


tional Institute for Environment and Development, 


every corner of Europe. Data from a 
1986 survey released in September 1987 
reported that 30.7 million hectares of 
forests in Europe were damaged. This 
increase over earlier surveys reflected 
in part the inclusion of Bulgaria and 
Spain for the first time. But it also re- 
flected an increase in the damaged area 
m e reporting countries. (See Table 
-5.)37 

As more data are gathered, certain 
patterns of damage are beginning to 
emerge. Coniferous species are slightly 
more vulnerable than broad-leaved 
ones, with damage to coniferous stands 


1985) and from various other sources. 


usually showing up two years or so be- 
fore that of adjacent, broad-leaved spe- 
cies. And mountain forests are more vul- 
nerable than lowland ones: Forest 
damage in the Alps is reportedly reach- 
ing catastrophic proportions. One ob- 
server reports that “the Eragebirge 
mountains along the Czech-East Ger- 
man border are rapidly becoming a huge 
tree cemetery, the world’s best showcase 
of the effects of acid rain.”38 As of mid- 
1986, some 19 countries in Europe re- 
ported damage to their woodlands, 
ranging from roughly 5-15 percent of 
the forested area in Yugoslavia and Swe- 
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Table 1-5. Estimated Forest Damage in Europe, 1986 


Total Estimated Portion of Total 
Country Forest Area Area Damaged Area Damaged 
(thousand hectares) (percent) 

Netherlands 311 171 55 
West Germany 7,360 3,952 54 
Switzerland 1,186 593 50 
United Kingdom 2,018 979 49 
Czechoslovakia 4,578 1,886 41 
Austria 3,754 1,397 37 
Bulgaria 3,300 1,112 34 
France 14,440 4,043 28 
Spain 11,789 3,313 28 
Luxembourg 88 23 26 
Norway! 6,660 1,712 26 
Finland! 20,059 5,083 25 
Hungary 1,637 409 25 
Belgium 680 111 16 
Poland 8,654 1,264 15 
Sweden! 23,700 3,434 15 
East Germany 2,955 350 12 
Yugoslavia! 9,125 470 5 
Italy 8,328 416 5 
Other 12,282 n.a. n.a 

Total 142,904 30,718 22 


1Data on forest damage gathered for coniferous forests only; all entries in first column include both 


coniferous and broad-leaved forests. 


source: Belgium and East Germany from Allegemeine Forst Zeitschrift, Munich, West Germany, No. 46, 1985 
and No. 41, 1986; all others from International Co-operative Programme on Assessment and Monitoring 
of Air Pollution Effects on Forests, “Forest Damage and Air Pollution: Report on the 1986 Forest Damage 
Survey in Europe,” Global Environment Monitoring System, United Nations Environment Programme, 


Nairobi, mimeographed, 1987. 


den to 50 percent or more in the Nether- 
lands, Switzerland, and West Germany. 
All told, more than one fifth of Europe’s 
forests are now damaged. 

For Canada, a heavy importer of air 
pollutants and acid rain from the United 
States, the threat has many dimensions. 
Canadian Minister of the Environment 
Tom McMillan says that acid rain “is de- 
stroying our lakes, killing our fish, un- 
dermining our tourism, retarding our 
forests, harming our agriculture, devas- 
tating our built heritage, and threaten- 


ing our health.” Fully half the fossil fuel 
emissions that affect Canada come from 
U.S. power plants and automobiles.?9 
Although few good studies have been 
done so far, it seems likely that develop- 
ing countries are among the victims of 
environmental damage from the use of 
fossil fuels. Evidence is now beginning 
to emerge, for example, that China is 
suffering from its massive use of coal. A 
study in the southern Chinese province 
of Guizhou, which uses high-sulfur coal, 
found precipitation considerably more 
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acidic than that measured in areas of 
eastern North America that suffer acid 
rain damage. In a forested section of 
Sichuan province, 90 percent of one 
local area that was once covered with 
pines is now bare, apparently as a result 
of air pollution.4° 

Since China generally lacks both tall 
smokestacks and pollution control 
equipment, city dwellers and surround- 
ing farmland are likely to be suffering 
severe damage from coal-fired air pollu- 
tion. And as the use of tall stacks grows, 
rural areas of China that are already 
under stress could be hit hard by acid 
rain. The Third World as a whole will 
have to exert enormous effort in order to 
avoid the apparent environmental fate of 
Eastern Europe. 

It was not until the beginning of this 
century that Swedish scientist Svante 
Arrhenius pointed out that burning fos- 
sil fuels could transform the earth’s cli- 
mate by upsetting the natural balance 
between the amount of carbon dioxide 
released into the atmosphere from the 
decomposition of organic material and 
that being absorbed through photosyn- 
thesis. And it was not until 1958 that 
scientists began taking monthly air sam- 
ples to measure systematically the 
changing atmospheric concentration of 
carbon dioxide.*! 

_ Fossil fuel use now adds some 5.4 bil- 
lion tons of carbon to the atmosphere 
annually, and deforestation adds be- 
tween l billion and 2.6 billion tons. 
Using the midpoint of this range and 
combining these two sources yields a 
total discharge of roughly 7 billion tons. 
Together, fossil fuel combustion -and 
deforestation have raised atmospheric 
carbon dioxide levels from 280 parts per 
million in the immediate preindustrial 
period to 348 parts per million in 1987, 
a rise of 24 percent.*2 

According to climate models as well as 
preliminary scientific measurements, 
these changes in the composition of the 
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atmosphere have already raised the 
earth’s average temperature by about a 
half-degree Celsius. Even without any 
additional carbon dioxide buildup, 
scientists believe that these changes en- 
sure another | degree increase during 
the next few decades—enough to make 
the earth far warmer than at any time 
since civilization began.*® 


More than one fifth of Europe’s for- 
ests are now damaged. 


If current energy trends continue, the 
temperature rise by the middle of the 
next century could cause unpredictable 
but potentially catastrophic shifts in the 
earth’s climate.*# 

The principal contributors to rising 
CO, levels from fossil fuels are the 
United States and the Soviet Union, each 
accounting for roughly a fifth of world- 
wide carbon emissions from fossil fuel 
use. (See Table 1-6.) Next in order are 
China, Japan, and West Germany. In per 
capita terms, the United States and East 
Germany lead the list, each emitting 
nearly five tons of carbon per person 
a year, compared with a global average 
of just over one ton. Japan, the lead- 
ing industrial exporter, uses less than 
half as much energy per capita as the 
United States and East Germany. Of 
course, when carbon emissions from 
all sources, not just fossil fuel use, are 
considered, several other countries 
ioin the list of top contributors: Bra- 
zil, Indonesia, Colombia, and Côte 
d'Ivoire. Í 

In developing energy strategies, the 
benefits of reducing acidification and 
carbon dioxide emissions should be con- 
sidered together. The combined societal 
cost of acidification and climate warming 
of the sort projected may justify a more 
fundamental redirection of the world’s 
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Table 1-6. Carbon Emissions from 
Fossil Fuel Use in 
Selected Countries, 1985 


Carbon Carbon 


Country Emissions Per Capita 
(million tons) (tons) 
United States 1,186 5.0 
Soviet Union 958 3.5 
China 508 0.5 
Japan 244 2.0 
West Germany 181 3.0 
United Kingdom 148 2.6 
Poland 120 3.2 
France 107 1.9 
Italy 101 1.8 
East Germany 89 5.2 


Bn et NESA A EEA 
sources: Carbon data from Ralph Rotty, Univer- 
sity of New Orleans, private communication, No- 
vember 4, 1987; population from Population 
Reference Bureau, 1985 World Population Data Sheet 
(Washington, D.C.: 1985). 


energy systems than any seriously con- 
sidered to date. (See Chapter 2.) 


THE CLIMATIC 
CONSEQUENCES 


Recent years have brought three new de- 
velopments regarding human-induced 
climate change. First, carbon dioxide 
turns out not to be the only gas con- 
tributing to the earth’s warming. As 
noted, scientists now estimate that rising 
atmospheric levels of methane, nitrous 
oxides, ozone, and chlorofluorocarbons 
may together contribute as much to the 
“greenhouse effect” as does CO, alone. 
Second, recent U.S. and U.K. studies 
show that the projected warming ap- 
pears to have begun. And third, many 
scientists now believe that important cli- 
mate shifts could occur abruptly, causing 
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losses in agricultural production that 
could not be readily adjusted for. 

The most advanced global climatic 
models indicate that a doubling of the 
preindustrial level of carbon dioxide, or 
the equivalent when the effect of trace 
gases is taken into account, would raise 
the global temperature by between 1.5 
and 4.5 degrees Celsius (2.7 to 8.1 de- 
grees Fahrenheit). If the world contin- 
ues on a business-as-usual path, the 
most recent projections show this occur- 
ring between 2030 and 2050. This glob- 
al warming could occur when children 
born this year are in their early forties.*® 

Scientists now agree that the increase 
in temperature would not be spread 
evenly, but would be far greater in the 
higher latitudes. Temperatures near the 
equator are projected to go up very little 
as the earth warms, while rises in the 
upper latitudes could easily be twice the 
average projected for the globe as a 
whole. Curiously, a global warming 
could cause shifts in ocean currents that 
might make some areas, including 
northern Europe, colder.*® 

The impact of this becomes more 
meaningful at the local level. In Wash- 
ington, D.C., for example, a doubling of 
preindustrial levels of atmospheric CO, 
appears likely to cause far hotter sum- 
mers. Instead of one day each year with 
temperatures of at least 100 degrees 
Fahrenheit (38 degrees Celsius), Wash- 
ingtonians could expect 12 such days. 
And instead of 36 days when the ther- 
mometer reached 90 degrees Fahrenheit 
(32 degrees Celsius), the city would 
swelter through 87 such days.*” 

_ Some consequences of a global warm- 
ing, such as agricultural changes, have 
already received considerable attention. 
But others, such as the effect on patterns 
of hydroelectric generation, water sup- 
ply systems, and settlement patterns, are 
more difficult to anticipate. A warming is 
likely to change rainfall patterns, prevail- 
ing winds, and ocean currents, which 
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might lead to more severe storms as the 
temperature differential between the 
equatorial region and higher latitudes 
widens. Higher temperatures in some 
areas would also bring an overall in- 
crease in evaporation and rainfall, but 
the changes would not be evenly dis- 
tributed. Some regions would become 
wetter; others, drier.** 

Two of the most serious effects of the 
projected warming would be the impact 
on agriculture and sea level. Today's ag- 
riculture evolved in response to a global 
climatic regime that has changed little 
since farming began, so any changes may 
well carry a price. Meteorological mod- 
els, though they remain sketchy, suggest 
that two of the world’s major food-pro- 
ducing regions—the North American 
heartland and the grain-growing regions 
of the Soviet Union—are likely to experi- 
ence a decline in soil moisture during 
the summer growing season as a result 
of moisture loss from cropland due to 
increased evaporation.*? 

If so, land in the western U.S. Great 
Plains that now produces wheat would 
revert to grassland. The western U.S. 
Corn Belt would become semiarid, with 
wheat or other drought-tolerant grains 
that yield 40 bushels per acre replacing 
corn that yields 100 bushels. Land values 
would drop in anticipation of the shift to 
less productive crops. On the plus side, 
as temperatures increased the winter 
wheat belt would shift northward, with 
40-bushel-per-acre winter wheat replac- 
ing 30-bushel-per-acre spring wheat. A 
longer growing season would also per- 
mit a northward expansion of spring 
wheat production in areas such as Can- 
ada’s Alberta province, thus increasing- 
its cultivated area.5? 

Perhaps the most costly price tag fac- 
ing world agriculture would be the ad- 
justment of irrigation and drainage sys- 
tems. As the warming proceeds and 
rainfall patterns change, both these sys- 
tems would become redundant in some 
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situations and i in others, Ac- 
cording to an analysis in State of the World 


1987, adjusting irrigation systems alone 
might require an investment of some 
$200 billion.’ 

A somewhat more predictable result 
of a hotter earth is a rise in sea level. As 
the water in the ocean warms, it will ex- 

accordingly, In addition, the warm- 
ing will reduce the amount of water 
trapped in glaciers and ice caps. Projec- 
tions by the U.S, Environmental Protec- 
tion Agency (EPA) show a rise in sea 
level by 2100 of between 1.4 and 2.2 
meters (4.7 to more than 7 feet), This 
would hurt most in Asia, where rice is 
produced on low-lying river deltas and 
floodplains. Without heavy investments 
in dikes and sea walls to protect the rice 
fields from saltwater intrusion, even a 
relatively modest one-meter rise (about 
three feet) would markedly reduce har- 
vests.52 


Temperature rises in the upper lati- 
tudes could easily be twice the aver- 
age projected for the globe as a 
whole. 


A rise in sea level would also affect 
many of the world’s coastal cities. A one- 
meter rise would threaten New Orleans, 
Cairo, and Shanghai, to cite a few. At 
some point political leaders would have 
to decide whether to invest massive 
amounts of capital into dikes and other 
structures to prevent inundation, or to 
abandon-low-lying cities. The Nether- 
lands already spends nearly 6 percent of 
its gross national product to save itself 
from the sea—more than it spends for 
military defense from external aggres- 
sion.5’ 

In an address to the U.N. General As- 
sembly in October 1987, Maumoon 
Abdul Gayoom, President of the Mal- 
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dives, described the threat to his country 
posed by the rising sea level. With most 
of its 1,196 islands barely two meters 
above sea level, the Maldives’ survival 
would be in jeopardy with even a one- 
meter rise in sea level in the event of a 
storm surge. In an impassioned speech, 
he referred to his country as “an endan- 
gered nation,” pointing out that it lacks 
the economic and technological capabil- 
ity to deal with a rise in sea level of the 
sort projected. He observed that “we did 
not contribute to the impending catas- 
trophe to our nation and alone we can- 
not save ourselves,” 54 

A team at the Woods Hole Oceano- 
graphic Institute in Massachusetts has 
calculated the state’s loss of land to the 
rising sea as the warming progresses. 
Using EPA projections of sea level rise 
by 2025, they calculate that Massachu- 
setts would lose from 7,500 to 10,000 
acres of land to the sea. Assuming the 
lower estimate and using their nominal 
land value of $1 million per acre for 
ocean front property, this would amount 
toa loss of at least $7.5 billion of particu- 
larly expensive property by then. Some 
of the 72 coastal communities included 
in the study would lose far more land 
than others: Nantucket could lose over 6 
acres per year and Falmouth, 3.8 acres, 
while Winthrop would lose only 0.1 
acres. Making reasonable cost estimates 
of the rising sea level component of cli- 
mate change requires thousands of such 
detailed studies for coastal communities 
around the world. 

The earth’s biological diversity is also 
bound to be affected by a global warm- 
ing. The abruptness of the change would 
probably surpass the capacity of many 
species to adjust to higher temperatures 
or altered seasons. Both plant and ani- 
mal species typically adapt to changing 
conditions by migrating as temperatures 
go up or down. Unfortunately, the ex- 
tent of deforestation and other human 
disruptions of the environment make 
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this natural migration much more dif- 
ficult and, in some cases, impossible. As 
aresult, many species would likely disap- 
pear. 

The detailed effects of climate change 
cannot be predicted with great accuracy. 
We do know, however, that human civili- 
zation has evolved within a narrow range 
of climate conditions. Any major depar- 
ture from those conditions will cause 
enormous hardship and require incalcu- 
lable investments during the adjust- 
ment. Because some of the most impor- 
tant changes could occur abruptly, with 
little warning, most of the costs would 
simply have to be borne by an unwitting 
society. Ways to avoid massive climate 
change now deserve serious considera- 
tion. (See Chapters 2 and 10.) 


FRoM ONE EARTH TO ONE 
WORLD 


Our Common Future, the landmark report 
of the World Commission on Environ- 
ment and Development released in April 
1987, opened its first chapter with the 
words: “The Earth is one but the world 
is not. We all depend on one biosphere 
for sustaining our lives. Yet each com- 
munity, each country, strives for survival 
and prosperity with little regard for its 
impact on others.” The mounting, inter- 
related threats that the world now faces 
can be overcome only with a new com- 
mitment to international cooperation. 
As the Commission put it, we need to 
move from one earth to one world. Rich 
and poor alike have a great deal to gain 
from cooperation—and everything to 
lose if we continue down separate, de- 
structive paths.56 

The past year was marked by a series 
of important initiatives to address 
shared problems cooperatively. These 
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range from largely political develop- 
ments like the Central America Peace 
Plan to environmental ones, such as the 
Montreal accord on ozone protection, In 
addition, existing international organi- 
zations are being reinvigorated and redi- 
rected to focus on emerging problems. 
Although the world remains split by 
deep economic, cultural, and ideological 
divisions, these sometimes can be 
bridged when circumstances call for it. 

The deepest split of all—between East 
and West—is being reduced by a new 
emphasis on pragmatism over ideology. 
The Congress and the Politburo now 
seem to agree that the perilous econom- 
ic condition of the superpowers can only 
be reversed if tensions are eased and de- 
fense budgets cut. 

The Soviets have embarked on a fun- 
damentally new course of openness and 
economic reform, in apparent recogni- 
tion that previous policies had failed. In 
the past year, Soviet authorities have in- 
vited foreign technical experts to visit 
highly sensitive defense installations, 
and have allowed domestic environmen- 
tal groups to criticize government poli- 
cies publicly. Top Soviet officials travel- 
ing abroad now openly discuss the 
country’s serious environmental prob- 
lems and the need to address them. The 
emergence of the Soviet Union as a full 
participant in studying and resolving 
global problems might well help spark 
action worldwide. 

The 1987 agreement in principle be- 
tween the United States and the Soviet 
Union to limit medium- and short-range 
missiles is an encouraging sign. It will 
not in itself lead to a meaningful reduc- 
tion in military expenditures, but if the 
current dialogue between the superpow- 
ers leads to a mutual reduction of con- 
ventional military forces in Europe and 
to a strategic arms agreement, the im- 
pact would be substantial. The leader- 
ship time and financial resources saved 
could be an effective down payment in 
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the effort to reverse the deterioration in 
the earth’s health. 

The Montreal protocol to restrict the 
use of chlorofluorocarbons is a broader 
example of international cooperation in 
that 24 nations were involved. The 
agreement calls for a 50-percent cut in 
ozone-damaging CFC production by 
1999. The largest reductions must come 
in industrial countries, which contribute 
most heavily to the problem, while de- 
veloping countries can use additional 
chlorofluorocarbons but are committed 
to never becoming major users. The ac- 
cord—a major achievement for the 
United Nations Environment Pro- 
gramme, which crafted it and shep- 
herded it through many months of inter- 
national negotiations—is notable for 
drawing together countries with very 
different economic systems, environ- 
mental policies, and political philoso- 
phies.57 


The emergence of the Soviet Union 
as a full participant in studying and 
resolving global problems might 
well help spark action worldwide. 


By publicly recognizing the threat 
posed by ozone depletion, the Montreal 
agreement stimulates decision makers in 
both the public and the private sector to 
take further steps. Belgium and the Nor- 
dic countries have already banned CFC 
production altogether. In the United 
States, Vermont has banned the use in 
state institutions of all polystyrene cups 
and plates containing chlorofluorocar- 
bons. And McDonald’s, the worldwide 
fast-food chain, announced in August 
1987 that it will phase out the use of food 
containers manufactured with CFCs.58 

The accord on chlorofluorocarbons is 
in essence a double victory. In addition 
to helping preserve the ozone layer, the 
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reduction in emissions of CFCs—one of 
the four trace gases contributing to the 
greenhouse effect—will help reduce the 
global warming. The Montreal protocol 
is also an important psychological vic- 
tory. Coming at a time when all the 
earth’s vital signs show a continuing 
deterioration, it provides an important 
boost to public confidence and morale. 
It indicates that the international com- 
munity is capable of cooperating when 
faced with a common threat. 

Rising concern over the projected 
warming makes it the logical candidate 
for the next round of international envi- 
ronmental deliberations. Two interna- 
tional scientific meetings have been held 
on global warming, but it remains an 
issue around which it has been difficult 
to mobilize national action, let alone ac- 
tual investment in climate protection. 
Although the prospective warming of 
the planet and the forces driving it are 
now broadly understood, the precise re- 
gional climatic and human effects are 
not. And it is difficult to prepare for an 
unknown threat, particularly one that 
will affect various countries differently. 

Climate change is a Tragedy of the 
Commons writ large. Although indus- 
trial countries are responsible for a dis- 
proportionate share of the problem, car- 
bon emissions are increasing worldwide, 
most rapidly in Eastern Europe and the 
Soviet Union. Unless all act together, 
there is little reason to act separately. 
Because climate change is driven by fos- 
sil fuel combustion and is not amenable 
to quick technical fixes, slowing its prog- 
ress will inevitably require new initia- 
tives—ones that will be infinitely more 
demanding than the one signed in Mon- 
treal. 

Several chapters of this report attempt 
to sketch the broad dimensions of a pro- 
gram of increased energy efficiency, re- 
newable energy development, and 
reforestation that could protect the 
global climate. (See Chapters 3, 4, and 
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5.) It is not too late to act, but the scale 
of the needed action will increase each 
year that we delay. The worldwide tide 
of deforestation can be stopped only if 
remaining forests are protected, tree 
planting is accelerated, and the devastat- 
ing poverty that drives forest clearing in 
so many countries is relieved. Increased 
energy efficiency can actually reduce en- 
ergy use in the rich countries, and hold 
it in check in poorer ones. 

Large economic outlays are justified 
by the unprecedented costs of un- 
checked climate change, but they can 
also be justified on more parochial 
grounds. In many cases the funds will be 
raised privately in order to boost corpo- 
rate profits or by local governments 
wishing to reduce air pollution. How- 
ever, the critical goal of climate protec- 
tion should be used as incentive to step 
up all these investments. A broad inter- 
national agreement that the climate 
must be protected would encourage in- 
creased commitments to energy effi- 
ciency and reforestation—with one eye 
on national self-interest and the other on 
the common global interest. 


Climate change is a Tragedy of the 
Commons writ large. 


The difficulty in mobilizing joint ac- 
tion to address the global problems we 
face cannot be denied. Third World 
debt, trade disputes, and growing mili- 
tary arsenals are all deeply divisive 
forces. The worldwide improvement of 
living conditions that characterized the 
third quarter of this century can no 
longer be taken for granted. Africa has 
demonstrated that. The deterioration in 
living conditions there is not irreversi- 
ble, but the steps needed to reverse the 
decline have not yet been taken. And 
now living standards are falling in Latin 
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America, undermined by some of the 
same pressures that have forced Africa 
to the wall. As drought accelerates the 
desertification of the Indian subconti- 
nent, the nineties may witness a down- 
turn in this region as well.5? 

Not since the depression decade of the 
thirties and the war decade of the forties 
have so many dark clouds gathered on 
the horizon. Perhaps this new genera- 
tion of challenges will spawn its own set 
of new attitudes and new cooperative 
initiatives. Indeed, the World Bank—in 
recognition of the failure of develop- 
ment strategies that have not taken basic 
ecological principles into account, and 
in response to pressure from private en- 
vironmental groups and several govern- 
ments—has adopted a new attitude. En- 
vironmental protection has become a 
priority. In a speech in May 1987, new 
Bank President Barber Conable said, 
“We must reshape not just the Bank’s 
outlook and activities but also the cus- 
toms and ingrained attitudes of hun- 
dreds of millions of individuals and of 
their leaders.”®° 

A strengthened environment depart- 
ment with perhaps 50 professionals has 
been promised, with a charge to identify 
environmentally damaging projects and 
ways to improve them. This is an impor- 
tant step, but most Bank loans are still 
based on conventional economic crite- 
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ria. The institution has not yet made the 
broader commitment to an ecologically 
sustainable development strategy that 
would redirect its entire lending pro- 
gram, and it is not yet clear whether it 
will be able to carry out this broader mis- 
sion. 

In October 1987, Prime Minister Gro 
Harlem Brundtland of Norway pre- 
sented the report of the World Commis- 
sion on Environment and Development 
to the U.N. General Assembly. It calls for 
redirection of international institutions 
and a new focus on sustainable develop- 
ment. As Prime Minister Brundtland 
stated in her Chairman’s foreword to the 
report, “If we do not succeed in putting 
our message of urgency through to 
today’s parents and decision makers, we 
risk undermining our children’s funda- 
mental right to a healthy, life-enhancing 
environment. . . . We call for a common 
endeavour and for new norms of behavi- 
our at all levels and in the interests of 
allies 

It remains to be seen how sovereign 
nations respond to the recommenda- 
tions of the World Commission report. 
But its presentation to and discussion in 
the General Assembly marks a major 
step forward. It has forged a strong link 
between the inseparable goals of reduc- 
ing poverty and protecting the world’s 
life-support systems. 
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Creating a 
Sustainable Energy Future 
Christopher Flavin 


The importance of the world’s energy 
path can scarcely be overstated: It is cen- 
tral to many of our most critical prob- 
lems. Our economies are powered by 
fuels that are not only nonrenewable, 
but that damage lakes, forests, and 
human health. In addition, our energy 
systems are irrevocably altering the cli- 
mate by adding 5.4 billion tons of carbon 
to the atmosphere each year, more than 
a ton for each person on the planet. Sim- 
ply put, an environmentally sound en- 
ergy strategy is a prerequisite to a sus- 
tainable society. In few other areas is 
change so essential if we wish to create 
a healthy and prosperous world.! 
Increasingly, it seems neither oil, nor 
coal, nor nuclear power can be counted 
on to meet future energy needs. A dec- 
ade ago, the mandate was relatively sim- 
ple: reduce oil dependence. That goal 
has been partly achieved, though not by 
the grandiose schemes to replace oil that 
were trumpeted by politicians at that 
time. Rather, greater energy efficiency 
has been the key to success. Meanwhile, 
programs to produce millions of barrels 


of synthetic fuels from coal have never 
made it off the drawing board. Nuclear 
power now supplies just 5 percent of 
world energy, and plans for expansion 
are being scaled back in the face of cost 
overruns and safety concerns raised by 
the 1986 accident at Chernobyl? 

The question that comes up among 
policymakers again and again is: If not 
coal, and if not nuclear, then what? It is 
the central energy question today, and it 
does have an answer. The key to resolv- 
ing the coal-nuclear conundrum is sim- 
ple but potentially revolutionary: greatly 
improved energy efficiency in the short 
run, complemented by renewable en- 
ergy in the long run. 

Energy efficiency has a demonstrated 
economic capability to substitute for 25 
percent of projected energy supply by 
the year 2000—at less than the cost of 
new supplies. (See Chapter 3.) Indeed, 
improved energy efficiency should be a 
centerpiece of all government energy 
policies during the next two decades. It 
can be used to begin immediately lim- 
iting the economic and environmental 
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damage caused by today’s energy sys- 
tems—and to buy time for the develop- 
ment of other sources. 

Renewable energy technologies are 
for the most part not as economical as 
improved efficiency, but their costs are 
falling and reliability is improving. Dur- 
ing the nineties and beyond, renewables 
could make a substantial contribution, 
fitting well with the much more efficient 
energy systems then in place. (See Chap- 
ter 4.) With a revived commitment to 
research and development, by the end of 
the century we could have available a 
host of new renewable-energy-based 
technologies, most of them small and 
decentralized. 

Developing a viable energy system 
while limiting fossil fuel use is feasible, 
but there is no guarantee that it will take 
place. Energy policy is often a morass of 
contradictory incentives that are not eas- 
ily reformed. Many governments, for ex- 
ample, subsidize coal mining while pay- 
ing large sums to clean up the air 
pollution from coal burning. Yet change 
is possible. The deregulation of oil and 
natural gas prices in the United States 
led to substantial efficiency gains. Gov- 
ernment-sponsored home weatheriza- 
tion programs in Canada and Sweden 
helped reduce energy losses. Programs 
to spur the development of technolo- 
gies, such as solar photovoltaics and ef- 
ficient light bulbs, have met with success. 


The question that comes up among 
policymakers again and again is: If 
not coal, and if not nuclear, then 
what? 
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Many of these lessons were learned 
the hard way, but as a result, it is now 
possible to put together the outlines of 
an energy policy that makes sense. Gov- 
ernments must create the conditions 
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needed for continued innovation and 
the commercialization of new energy 
technologies. They must ensure that en- 
ergy markets work far more effectively, 
and that the broad environmental im- 
plications of our energy choices be ex- 
plicitly taken into account. But millions 
of private companies and individual con- 
sumers have the responsibility of actu- 
ally carrying out the needed changes. 
Given the dangers of continuing on the 
current path, the cost of inaction is likely 
to be far greater. 


PROTECTING AIR QUALITY 
AND CLIMATE 


The annual report of the International 
Energy Agency (IEA) published in 1987 
is the first by that organization to include 
areference to the greenhouse effect. But 
the sometimes alarmist IEA is sanguine 
about the global climate, concluding 
that the “situation does not justify hasty 
measures aimed at rapid reductions in 
fossil fuel use but . . . a well co-ordinated 
international effort aimed at gathering 
further information is certainly in- 
dicated.” 

The IEA’s indifference to the possibil- 
ity of severe climate change reflects the 
attitude taken by top energy officials in 
most countries—that this is still a scien- 
tific issue of little practical relevance. 
Governments throughout the world 
have not only been slow to respond to 
new environmental threats, they are ac- 
tively pursuing energy policies that ag- 
gravate them. Ignoring the greenhouse 
problem reflects a deeper failing of en- 
ergy policy: fixation on the short-run 
concerns of energy prices and supply at 
the expense of the planet’s future econo- 
my and ecology. 

Fossil fuels are the main source of the 
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air pollution now choking rural areas 
and cities. Even in the United States, 
which has relatively stringent air pollu- 
tion standards, sulfur dioxide and car- 
bon monoxide emissions are down less 
than 20 percent since 1975. Nitrogen 
oxide emissions are actually up 5 per- 
cent. Many American cities still do not 
comply with air quality standards laid 
down more than a decade ago. In the 
U.S. Congress, acid rain bills have lan- 
guished for several years, due in large 
part to opposition from those represent- 
ing coal-producing states.‘ 

In most other countries, air pollution 
continues to increase, particularly in the 
coal-rich regions of Eastern Europe and 
China. As documented in Chapter 1, the 
incidence of respiratory and cardiac dis- 
ease is growing rapidly in these areas, as 
is damage to lakes and forests. Despite 
strong evidence that air pollution is kill- 
ing the forests of central Europe, the 
European Community has been able to 
agree only on relatively weak standards 
for emissions reduction, and most East 
European governments have yet to act at 
all. 

Energy efficiency can be a new weapon 
in the air pollution wars, complementing 
flue-gas scrubbers and catalytic convert- 
ers. Czechoslovakia, East Germany, Po- 
land, and others could limit the damage 
now occurring to their forests by adopt- 
ing a program to improve industrial en- 
ergy efficiency. Rome could attack the 
cause of much of the city’s respiratory 
disease and slow damage to its ancient 
ruins by doubling the fuel efficiency of 
its cars. A 1987 study by the American 
Council for an Energy-Efficient Econ- 
omy concluded that increased efficiency 
could help widen the scope and improve 
the cost-effectiveness of proposed acid 
rain control programs.® 

The most intractable atmospheric 
problem is global warming caused by the 
buildup of “greenhouse” gases, the 
most important of which is the carbon 


dioxide being formed as some 6-8 bil- 
lion tons of carbon are added to the at- 
mosphere annually by deforestation and 
fossil fuel combustion. (See Chapter 1.) 
Slowing these trends will require in- 
creasing energy efficiency, stemming 
deforestation, and developing technolo- 
gies based on renewable energy sources. 
(For further discussion of this combined 
strategy, see Chapter 10.) 


Energy efficiency can be a new 
weapon in the air pollution wars. 


Tree planting on a scale that will sat- 
isfy future demands for fuelwood, lum- 
ber, and paper and that will stabilize 
soils and the hydrological regime would 
also help restore balance to the carbon 
cycle by transferring carbon from the at- 
mosphere to terrestrial systems. Plant- 
ing fast-growing trees on 110 million 
hectares of land by the year 2000 to pro- 
vide fuelwood and ecological stability (as 
suggested in Chapter 5) could reduce 
the carbon emissions of the world’s for- 
ests by 41 percent, helping siow the 
global warming. 

Checking carbon emissions to amelio- 
rate the warming will require both a con- 
siderable increase in energy efficiency 
and a change in the mix of energy 
sources. In the next two decades, effi- 
ciency will have to play the largest role, 
since enormous investments can already 
be justified by conventional economic 
criteria alone. Later, as the technologies 
mature, the transition to renewable en- 
ergy must begin in earnest. 

Most official energy projections as- 
sume that worldwide energy efficiency 
will increase by between 0.5 and 1.0 per- 
cent per year. But carbon dioxide 
buildup is ongoing and cumulative. Even 
a l-percent rate of efficiency improve- 
ment would allow an increase in atmo- 
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spheric carbon dioxide from 348 parts 
per million in 1987 to about 600 parts 
per million in 2075, causing unprece- 
dented changes in climate.® 

An alternative energy scenario based 
on the global energy model of the Insti- 
tute for Energy Analysis in the United 
States found that a successful effort to 
improve worldwide efficiency by 2 per- 
cent annually would keep carbon diox- 
ide concentrations to 463 parts per mil- 
lion in 2075. The world’s climate would 
still be at least 1 degree Celsius warmer 
than today, but the most catastrophic cli- 
matic effects would probably be avoided. 
Irving Mintzer of the World Resources 
Institute in Washington, D.C., using an- 
other model, calculates that a 1.5-per- 
cent annual rate of improvement—to- 
gether with deliberate policies to limit 
coal use, to restrict the production of 
other greenhouse gases, and to halt 
deforestation—would reduce the warm- 
ing projected by 2075 by half.’ 

Renewable energy and nuclear power 
also contribute to carbon reduction by 
substituting for fossil fuels. For example, 
fossil-fuel-fired power plants alone now 
produce one quarter of the world’s fos- 
sil-fuel-related carbon emissions. Hy- 
dropower effectively displaces 578 mil- 
lion tons of carbon emissions from 
coal-fired power plants each year, equiv- 
alent to over 10 percent of the 1987 
total. Nuclear power displaces somewhat 
less carbon—about 414 million tons an- 
nually.8 

In recent years, nuclear power has 
grown rapidly, making a significant con- 
tribution to climate protection, but its 
growth will slow in the next few years as 
nuclear plant completions dwindle. 
While nuclear power advocates at the In- 
ternational Atomic Energy Agency and 
elsewhere have argued that this energy 
source can help protect the climate, its 
technical, economic, and political prob- 
lems now appear severe enough to rule 
‘out substantial expansion.’ 
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The use of renewable energy sources, 
on the other hand, could grow rapidly 
for many years. As indicated in Chapter 
4, a large number of hydropower proj- 
ects are in the pipeline, and within the 
next decade, major increases in geother- 
mal, wind, and solar electricity are likely. 
Nonetheless, some important countries, 
including China, India, and the Soviet 
Union, are still planning on large in- 
creases in coal-fired generating capacity. 
Greater reliance on renewable energy ts 
essential in the long term if a global 
greenhouse is to be:averted. 

Most of the progress so far in slowing 
the rate of carbon dioxide buildup was 
stimulated by market forces. However, 
energy markets will have to be greatly 
improved in order to deal with the prob- 
lem. Indeed, any significant delay in im- 
proving energy efficiency will make it far 
more difficult to avoid a damaging in- 
crease in the earth's temperature. Avoid- 
ing the costs and disruption associated 
with the warming may well justify expen- 
ditures in energy efficiency several times 
greater than those currently being made. 

One question for policymakers is 
where to find tens of billions of dollars 
for climate protection. at a time when 
public treasuries are being called on to 
meet a host of pressing needs, from debt 
repayment to education. Fortunately, 
most of the funds for energy efficiency 
and renewables could be diverted from 
the billions of dollars spent annually on 
conventional energy supply projects. 
The new path would actually be less ex- 
pensive than the old one. 

The investments in climate protection 
can be made by governments interested 
in economic competitiveness, by grass- 
roots organizations wishing to create 
sustainable fuelwood supplies, by state 
governments concerned about air pollu- 
tion, and by corporations worried about 
the bottom line. In most cases the funds 
can be raised privately and justified eco- 
nomically, but the end result would be 
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an important step toward climate protec- 
tion. New policy initiatives can play an 
important role in encouraging govern- 
ments and individuals at all levels to in- 
crease commitments to energy effi- 
ciency, renewable energy, and 
reforestation. 


ENERGY PRICES AND TAXES 


Energy prices are the key to a rational 
energy system. Prices determine the 
overall economic efficiency of the energy 
system and the value that is placed on 
climate protection and other environ- 
mental considerations. Unfortunately, 
energy prices in most countries reflect 
neither the true replacement cost of 
nonrenewable resources nor the envi- 
ronmental damage that their use can 
cause. 

Price provides the incentive to de- 
velop new energy sources and deter- 
mines the efficiency with which energy is 
used. In centrally planned economies, 
low or nonexistent prices have encour- 
aged wasteful practices and quite low 
levels of energy efficiency. An effective 
energy pricing system is a necessary but 
not a sufficient condition of a well-de- 
signed energy policy. 

The most important energy price is 
that of oil. Indeed, world oil prices have 
become one of the most closely watched 
economic indicators. The impact of 
major price shifts is felt by everyone 
from Brazilian charcoal vendors to 
Tokyo stock traders. Prior to 1973, re- 
gional crude oil prices varied substan- 
tially, but today a shift in the price of 
Saudi Light is quickly matched in the 
price of West Texas Intermediate, Obvi- 
ously, the prices of gasoline and diesel 
fuel are influenced by that of crude oil. 
But other energy sources are also af- 
fected: When the price of oil fell in 1986, 


average U.S. wholesale natural gas 
prices declined almost 40 percent in 15 
months; coal prices fell 8 percent.!° 

One of the most difficult challenges to 
energy policymakers today is the insta- 
bility and unpredictability of the price of 
oil. After increasing more than eightfold 
during a seven-year period in the seven- 
ties, real oil prices fell 75 percent be- 
tween 1981 and 1986, hitting a low of 
about $12 per barrel before rebounding 
to $18 in 1987. (See Figure 2-1.) These 
shifts directly affect the viability of bil- 
lions of dollars in investments and help 
shape the world economy.!! 

Many energy economists are asking 
what the true price of oil is. The concept 
of marginal cost pricing is used to indi- 
cate the price that reflects the cost of the 
next unit to be produced of a particular 
good. Ideally, this should encourage the 
development of alternatives while a re- 
source such as oil is gradually depleted. 
Organizations such as the IEA and the 
World Bank have been laudably active in 
promoting marginal cost pricing in re- 
cent years. But in heavily manipulated 
and complex energy markets, marginal 
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cost pricing becomes almost a black 
art.!? 

The marginal cost of oil production in 
the Middle East, where there is substan- 
tial unused production capacity, is re- 
portedly still under $2 per barrel. How- 
ever, a significant share of the world’s oil 
is being extracted in places like the 
Alaska North Slope and the North Sea at 
costs of between $10 and $20 per barrel. 
A truly competitive market, free of car- 
tels, could cause prices to fall considera- 
bly, but would wreak havoc on the petro- 
leum industry of the United States and 
some other countries.!8 

Since the early eighties the world oil 
market has been dominated by excess 
production capacity, caused in large 
measure by conservation. This is likely 
to last for some years, given the large 
excess production capacity in the Middle 
East. Among the imponderables are the 
rate at which world consumption will in- 
crease, the rate of production declines 
outside the Organization of Petroleum- 
Exporting Countries, and the political 
situation in the Middle East. Although 
pressures on oil prices during the next 
few years are likely to be mainly on the 
downward side, sudden and catastrophic 
increases are possible, and even likely 
later.14 

For oil-importing countries, the fact 
that the true marginal cost of oil is below 
even today’s depressed prices is a con- 
cern. Market forces are now pointing to 
much higher levels of dependence on 
Middle Eastern oil—a region with 22 
percent of the world’s 1986 production, 
but 57 percent of the world’s proven re- 
serves. Low oil prices will make it more 
difficult for governments to maintain 
momentum in energy efficiency and re- 
newable energy programs.!® 

_ Relying on imported oil entails a na- 
tional security cost that is not included in 
market prices. In recognition of this, in- 
dustrial countries have wisely spent bil- 
lions of dollars building up “strategic 
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petroleum reserves.” The United States 
has filled salt caverns in Louisiana with 
stockpiled oil, while Japan has a fully 
loaded tanker fleet in Tokyo Bay. Per- 
haps less wisely, $47 billion was spent by 
the United States alone to “protect” the 
Persian Gulf in 1987. This comes to $26 
per barrel of oil shipped through the 
Strait of Hormuz.!® 

One means of ensuring that cheap im- 
ported oil does not undermine alterna- 
tive energy investments is to tax oil or oil 
products. The impact of varying tax sys- 
tems is seen in the differing prices paid 
for gasoline and diesel fuel around the 
world. (See Table 2-1.) Gasoline prices 
in 1987 ranged from 71¢ per gallon in 
Mexico to $2.89 per gallon in Japan and 
$3.71 in Italy. Costs of kerosene ranged 
from 30¢ to $1.82 per gallon.” 


The impact of major oil price shifts 
is felt by everyone from Brazilian 
charcoal vendors to Tokyo stock 
traders. 
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In Europe, heavy taxes are commonly 
used to raise government revenues and 
discourage gasoline consumption; in 
many countries, these levies account for 
over half the retail price of gasoline. In 
the United States, however, efforts to 
raise gasoline taxes have been beaten 
back by the oil industry, consumer 
groups, and wary politicians. U.S. retail 
gasoline prices plummeted in 1986, en- 
couraging more driving; in Europe 
prices declined moderately, and the con- 
servation incentive remains strong.'® 

In many Third World countries, kero- 
sene and diesel fuel are subsidized, a 
practice that places a heavy burden on 
government treasuries but that is highly 
popular among consumers. An August 
1987 attempt by the beleaguered 
Aquino government in the Philippines to 
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Table 2-1. Prices of Petroleum Products in Selected Countries, 1987 
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Country Gasoline 
Italy 3.71 
Denmark 3.58 
France 2.95 
Brazil 2.94 
Japan 2.89 
Ethiopia 2.40 
United Kingdom 2.24 
India 2.17 
West Germany 2.09 
Thailand 1.30 
United States 0.82 
Mexico 0.71 


Diesel Kerosene 
(dollars per gallon') 
1.55 1.56 
2.29 1.82 
1.91 n.a. 
1.92 1.07 
1.80 1.08 
1.44 1.20 
1.77 n.a. 
1.01 0.65 
1.67 n.a. 
0.92 0.89 
0.87 0.83 
0.61 0.30 


‘Figures are for average consumer prices as of January 1, 1987. They include taxes, which account for 


the largest differences in price. 


source: U.S. Department of Energy, International Energy Annual 1986 (Washington, D.C.: 1987). 


raise fuel prices caused street demon- 
strations led by drivers of jeepneys, a 
primary mode of transport for Manila’s 
poor. Such reactions are common and 
create a dilemma in countries where 
most of the population cannot afford 
fuel at the world price. In order to en- 
sure that fuel taxes do not exacerbate 
equity problems, they should be offset 
by eliminating income taxes for low-in- 
come people or even providing govern- 
ment loans for the purchase of vehicles 
and appliances that are more fuel-effi- 
cient.!9 

A few countries have deliberate poli- 
cies to use fuel taxes to encourage con- 
servation. In 1983, Sweden passed a law 
requiring the government to. use fuel 
taxes to dampen fluctuations in world oil 
prices, a provision that was activated by 
the 1986 price collapse. Also in 1986, 
Denmark and Portugal took steps to 
raise taxes, keep retail gasoline prices 
high, and: promote conservation. As of 
late 1987, Austria’s Energy Efficiency 
Agency had proposed a new energy con- 
servation and environmental protection 


tax. Although such policies are generally 
not popular, they encourage needed in- 
vestments and will benefit consumers in 
the long run.2° 

Energy prices should also reflect the 
environmental effects of using particular 
energy sources. Burning coal in a power 
plant creates air and water pollution, 
and often entails land-damaging strip 
mining. Yet without government inter- 
vention, consumers use large quantities 
of cheap electricity without regard to the 
wider costs. A pollution tax can put a 
price tag on these wider costs and so 
discourage pollution. No country has yet 
enacted such a tax, but the time may be 
ripe. 

Most governments have chosen to 
deal with conventional pollutants by 
enacting regulatory standards or requir- 
ing the use of emission control devices, 
but the carbon dioxide problem is not 
amenable to technical fixes. So far, the 
only practical means of limiting carbon 
output seems to be to increase energy 
efficiency levels or to switch away from 
fossil fuels. 


Creating a Sustainable Energy Future 


One way to encourage this would be 
to place a carbon tax on all fossil fuel 
use—in effect, a climate protection tax. 
Such a tax would ensure that the cost of 
burning any fuel would reflect the risk of 
damage to the world climate. If it were 
tied to the fuel’s carbon content, coal 
would be taxed most heavily, oil some- 
what less, and natural gas the least. A tax 
of $1 per million Btu. on coal and 80¢ 
per million on crude oil would boost av- 
erage electricity prices by 10 percent and 
increase gasoline prices by 1l¢ per gal- 
lon, while raising $53 billion in revenues 
in the United States alone.?! 

One advantage of a climate protection 
tax is that it could provide steady reve- 
nues to help pay for the substantial in- 
vestments needed in energy efficiency, 
renewable energy, tree planting, and the 
other elements of a sustainable society. 
Enactment of such a tax would present 
enormous challenges, including the 
desirability of doing it on an interna- 
tional basis so industries in some coun- 
tries are not put at a competitive disad- 
vantage. As with taxes on gasoline and 
other fuels, steps must be taken to en- 
sure that the climate protection tax does 
not harm the poor. 


SETTING STANDARDS 


Market incentives are generally more 
efficient than legislated standards in en- 
couraging change. Even the most omni- 
scient legislators cannot foresee all the 
perverse effects that new laws might 
have, or the ingenious efforts to get 
around those laws. It is also difficult to 
anticipate future changes in technology, 
and so legislated standards can lock soci- 
ety into a less than ideal solution to a 
Particular problem. One example is acid 
rain legislation that would mandate ex- 
pensive flue gas desulfurization but not 
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allow utilities to achieve the same sulfur 
dioxide reductions via investments in 
improved energy efficiency. 

Despite these drawbacks, mandatory 
efficiency standards do have a role to 
play. Often the impact of standards is 
easier to predict than is the impact of 
financial incentives. They can ensure 
that the least efficient or most wasteful 
practices are eliminated, so that even the 
least responsive parts of society get the 
benefit of needed improvements. Doz- 
ens of countries have enacted minimum 
energy efficiency standards since the 
early seventies. Overall, the United 
States has shown the most fondness for 
‘such legislation, perhaps as a way of 
counteracting the country’s low energy 
prices, which traditionally encouraged 
inefficiency. However, support for this 
approach has fluctuated over the years.** 

Most industrial market economies 
nave automobile efficiency standards, 
but only in the United States are they 
mandatory. Between 1976 and 1985, 
U.S. auto manufacturers were required 
to gradually increase the average fuel 
efficiency of new cars from 14 to 27.5 
miles per gallon. These standards were 
crucial in encouraging the carmakers to 
invest in a new generation of lighter, 
front-wheel-drive cars in the years be- 
tween the two oil price increases. The 
mandated levels were easily met until 
1985, when in the face of falling oil 
prices and auto company pressure, the 
Reagan administration relaxed them. 
This misguided move sent manufactur- 
ers a signal to go back to the bad old days 
at the very time that continued long- 
term improvement in fuel efficiency was 
most needed. A new set of tough but 
achievable standards is needed to take 
average new-car fuel efficiency up to at 
least 40 miles per gallon by the year 
2000. (See Chapter 3.) 

The most common standards are for 
new residential buildings, now found 
throughout the industrial world as well 
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as in many developing countries. Some 
are mandatory and others just provide 
general guidance to builders. The 
toughest building efficiency standards 
are found in California, South Korea, 
and Sweden, each of which has been 
quite successful in reducing energy re- 
quirements. Sweden’s manufactured 
buildings industry makes it far easier to 
set efficiency standards than in countries 
where the construction industry is more 
fragmented. Studies in Europe indicate 
that in most countries further tightening 
of standards could be economically justi- 
fied.23 


By the turn of the century the new 
U.S. appliance efficiency standards 
will keep 342 million tons of car- 
bon out of the atmosphere. 


Energy efficiency standards for house- 
hold appliances have been hotly debated 
in the United States. In November 1978, 
Congress directed the Department of 
Energy to issue minimum standards for 
common appliances. In the face of fierce 
opposition from appliance manufactur- 
ers and its own distaste for government 
regulation, the incoming Reagan ad- 
ministration stalled on implementation. 
Finally, it claimed in 1982 that the best 
way to regulate appliance efficiency is to 
not regulate it at all, and then went to 
court to fight the ensuing lawsuits.24 

Meanwhile, California instituted its 
own tough appliance efficiency stan- 
dards in December 1984, and New York 
followed suit, after calculating that con- 
sumers would save billions of dollars’ 
worth of electricity. As such legislation 
proliferated, manufacturers’ worst 
nightmares seemed to be coming true: 
Even a relatively tough national appli- 
ance efficiency law would be less oner- 
ous than a plethora of varying state laws. 
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Manufacturers, utilities, consumer advo- 
cates, and environmentalists began 
negotiating in 1986 to develop a new 
appliance efficiency bill. After several 
months of tough bargaining, a historic 
agreement was reached; the resulting 
bill sailed through Congress and was fi- 
nally signed by a reluctant president.®5 

The ultimately successful saga of the 
appliance efficiency standards can be 
viewed as a strategic model. Efficiency 
standards have an important role to play 
in complementing the use of improved 
market signals. Manufacturers them- 
selves can benefit when future require- 
ments are clear to everyone and all com- 
petitors face the same standards. The 
potential savings are enormous. It is es- 
timated that by the turn of the century 
the new U.S. appliance efficiency stan- 
dards will have saved $28 billion worth 
of electricity and gas and will keep 342 
million tons of carbon out of the atmo- 
sphere.26 


OPENING UP THE POWER 
MARKET 


The electric power industry is probably 
the single most important energy institu- 
tion, and also the one most in need of 
reform. In most countries, the industry 
is composed of either government- 
owned or government-regulated mon- 
opolies. These institutions decide what 
kind of power plants to build and when 
to build them. Electricity prices are de- 
termined by fiat or by regulation, and 
often bear little relation to the cost 0 
building new power sources, as they 
would in a market-based system. 
Electric power systems generally have 
their roots in the early part of the cen- 
tury, when electricity seemed like a natu- 
rally monopolistic industry and ever- 
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larger power plants were believed neces- 
sary to reduce costs. Over the years, 
most countries lost perspective on the 
inefficient behemoths they had created. 
Commissioner Charles Stalon of the 
U.S. Federal Energy Regulatory Com- 
mission (FERC) says that the current 
electricity system and regulation “exist 
by grace of inertia, They lack an intellec- 
tual economic defense.”’?7 

These systems have nonetheless 
proved resilient, and it is only in the 
United States that fundamental change 
has begun. The Public Utility Regulatory 
Policies Act (PURPA), passed by Con- 
gress in 1978, made it possible for a wide 
range of newcomers to compete in the 
power industry. It created a new cate- 
gory of nonregulated “qualifying facili- 
ties,” consisting of small cogeneration 
and renewable energy projects that are 
free to sell power to utilities at the 
“avoided cost” of planned utility power 
generation.?8 

By late 1987, projects that would gen- 
erate more than 63,000 megawatts had 
been granted licenses by FERC, equiva- 
lent to 63 nuclear plants or over two 
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thirds of the current nuclear industry. 
(See Table 2-2.) In fiscal year 1987 
alone, 15,000 megawatts’ worth of pro- 
jects, with an estimated value of about 
$15 billion, were registered. So far, 74 
percent of the planned capacity is fossil- 
fuel-based cogeneration and 26 percent 
is based on renewable energy. 

A 1987 Edison Electric Institute study 
found that the great majority of these 
projects are being built and going into 
operation. As of the end of 1985, some 
9,500 megawatts had been installed, a 
figure that may well have surpassed 20,- 
000 megawatts by the end of 1987. The 
prnpr ri sities industry is now 
doing $4-5 billion in business annually. 
Since 1980, orders for utility coal plants 
have slowed to one or two per year, and 
nuclear orders have stopped entirely. A 
transition, it seems, has occurred.?° 

The competitive power industry has 
already sped innovation. For both co- 
generation and renewable-energy-based 
generating plants, independent produc- 
tion of electricity is providing the first 
commercial market and therefore en- 
couraging private investment. Costs are 


Table 2-2. United States: Planned Cogeneration and Renewable Power Projects, 
1980-87 


Fiscal Year Cogeneration! 
1980 282 
1981 795 
1982 3,121 
1983 3,758 
1984 3,743 
1985 8,430 
1986 13,742 
1987 13,311 
Total 47,182 


Renewables Total 
(megawatts) 

422 704 
524 1,319 

1,123 4,244 
1,929 5,687 
2,145 5,888 
2,779 11,209 
5,617 19,359 
1,796 15,107 
16,335 63,517 


a ee, 
‘Cogeneration using biomass is included under renewables. Small power producers burning fossil fuel 


wastes are listed under cogeneration. 


source: Federal Energy Regulatory Commission, “Qualifying Facilities Report,” Washington, D.C., Janu- 
ary 1, 1987 and private communication, November 4, 1987; Cogeneration and Small Power Monthly, July, 


August, and September 1987. 
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falling and reliability is improving in 
plants that are on average 50 times 
smaller than before. A 1987 study by the 
California Energy Commission found 
that many of these technologies are al- 
ready more economical than conven- 
tional nuclear and coal plants. They are 
also environmentally preferable.3° 
Although PURPA is a federal law, its 
implementation is largely at the discre- 
tion of state regulators. Some have en- 
couraged the development of indepen- 
dent power; others have set rules that 
essentially preclude it. The result, not 
surprisingly, is wide variation in the pace 
of independent power development in 
different parts of the country.3! 


Like any industry with monopoly 
power, the utilities have little inter- 
est in competition. 


California aggressively opened the 
market to independent power in 1981 by 
requiring that utilities offer long-term 
power contracts at “avoided cost” or 
competitive prices. California now has 
more than one fourth of the country’s 
independent power. Also out in front 
are New Hampshire, which has projects 
planned equal to 73 percent of its total 
installed capacity, Maine at 33 percent, 
and Texas at 12 percent. The nation- 
wide average has reached 6 percent. The 
trend is toward relaxing regulatory re- 
quirements and offering long-term 
power sales contracts that reflect the 
market price of power.32 

Much of the utility industry has fought 
vigorously against PURPA and the inde- 
pendent power industry. Like any indus- 
try with monopoly power, the utilities 
have little interest in competition. But in 
recent years the industry has been losing 
key regulatory and legislative battles at 
both the state and federal levels. After 
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listening to extended testimony by all 
parties at hearings in the spring of 1987, 
FERC ignored utility calls for the emas- 
culation of PURPA, and is now consider- 
ing even more fundamental reforms.33 

The logical next step being consid- 
ered by FERC and several states is open- 
ing the generation market to competitive 
bidding for all new power plants, gradu- 
ally eliminating the practice of adminis- 
tratively determined prices. The regu- 
lated utilities would control only the 
transmission and distribution of electric- 
ity, as is the case with local telephone 
companies since American Telephone 
and Telegraph was broken up in the 
United States. This would give the utili- 
ties a much clearer and less conflict-rid- 
den mission. Regulators would allow 
them to earn the revenues needed to 
carry out the role of providing consistent 
service to customers. Utilities would be- 
come honest brokers between producers 
and consumers. Existing generating 
plants might eventually be sold to pri- 
vate companies. A small but growing 
number of utilities have embraced this 
new role, happy to let others handle the 
risky business of plant construction. 

Such a system would have many ad- 
vantages. It would be more economically 
efficient, according to economic theory, 
and it should in the long run lead to 
lower prices for consumers, in part be- 
cause it would encourage innovation 
across a wider array of technologies. 
Logically, this competitive market 
should be extended to efficiency, so that 
a company that can provide “saved en- 
ergy” in an office building or ‘a factory 
for less than the cost of building a new 
power plant would win the bid. (See next 
section of this chapter.) 

The U.S. electric power industry is 
moving toward a new, competitive struc- 
ture, but thorny issues remain to be re- 
solved. So far, only cogeneration and re- 
newable energy projects have been able 
to qualify as independent power produc- 
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ers. Renewable energy’s share of this 
market is now falling steeply, and 
changes are being considered that would 
widen the competition to all manner of 
large and small power plants and proba- 
bly further reduce the role of renewa- 
bles. Some incentives will be needed to 
ensure that the industry does not come 
to rely entirely on conventional fossil- 
fuel-burning plants with the lowest ini- 
tial costs. Innovation itself has a special 
value, as do technologies such as wind 
and geothermal power that do not use 
fuel, do not pollute, and are invulnera- 
ble to oil price increases.*® 

Another question is whether utilities 
themselves should be able to compete in 
this new market through unregulated 
subsidiaries, a concept that some regula- 
tors refer to as self-dealing. Given the 
inevitable conflict of interest, it should 
probably be ruled out, though utilities 
could be allowed to supply power in 
other utility districts. In addition, many 
independent producers would like freer 
access to “wheeling” of power, allowing 
them to rent utility lines as common car- 
riers for selling power to distant custom- 
ers. Although this would enhance com- 
petition, it raises difficult problems 
regarding how to guarantee service, how 
to allocate access to the transmission 
grid, and how to protect small consum- 
ers, who are not in a good position to 
compete for the lowest priced power. 

Competitive power has begun to at- 
tract international interest, but change is 
slow. Denmark and Greece now allow 
certain categories of renewable power 
producers to sell electricity to the utili- 
ties, but they are far from creating a 
competitive market. The United King- 
dom allows limited independent cogen- 
eration and is considering “privatizing” 
the power industry. However, the 
Thatcher government seems to view this 
as a means of substituting private 
monopolies for a public one. New Zea- 
land passed a new law in 1986 that 
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should in theory open the power market 
to full competition, but the ultimate im- 
pact of this change is not yet clear. The 
U.S. experience is providing an impor- 
tant example as structural reform in the 
power industry becomes a live issue in 
many countries for the first time.%® 


INSTITUTIONALIZING 
EFFICIENCY 


If energy efficiency is to realize its full 
potential to revitalize economies and 
protect the environment, major institu- 
tional reforms will be needed, as in- 
dicated in Chapter 3. The most serious 
current obstacle is what energy conser- 
vation professionals call the “payback 
gap.” Energy consumers—from home- 
owners to factory managers—rarely in- 
vest in efficiency measures with payback 
periods longer than two years, while en- 
ergy producers look to new supply op- 
tions with payback periods of up to 20 
years. If institutional changes can bridge 
this simple but critical gap, energy effi- 
ciency might largely take care of itself. 

The key is developing markets for 
saved energy. Consumers do not want 
energy; they want the services energy 
provides. Improved efficiency cuts the 
energy needed to provide these services. 
With generating capacity already in 
place to produce additional power, the 
energy saved can then be used for other 
purposes. Firms that find the cheapest 
ways to conserve energy, while still 
meeting standards of quality and reli- 
ability, should be rewarded. And as 
more utility systems are opened to com- 
petitive bidding, saved energy can com- 
pete with independent power. 

A large and growing energy conserva- 
tion industry has developed for commer- 
cial buildings and factories in the United 
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States, Canada, and some European 
countries. The industry will only come 
into its own, however, when electric and 
gas utilities are prepared to buy saved 
energy. If properly rewarded, private en- 
ergy conservation firms could keep soci- 
eties on the crest of technical efficiency 
advances without unduly straining pub- 
lic coffers. 

Energy conservation companies pro- 
vide one-stop shopping. They inspect 
the building or factory; select, buy, and 
install retrofit measures and new equip- 
ment; and often operate and maintain 
the equipment. Currently they recoup 
their investment either by taking a share 
of the owner’s savings for a set period or 
by receiving prearranged monthly pay- 
ments. More than 100 firms now hold 
contracts on some 2,000 U.S. buildings. 
Because of economies of scale, most 
contracts to date have been for buildings 
or factories with potential savings over 
$50,000; at least one small company in 
Minnesota, however, offers home re- 
trofits on a shared savings basis.37 

In energy supply, technology is the 
central concern, but in energy conserva- 
tion, contract negotiations and financing 
are the key to success. The reason is sim- 
ple: Energy conservation companies sell 
saved energy, something that cannot be 
metered. Its quantity:can only be es- 
timated based on past experience and 
current conditions. Detailed, computer- 
based methodologies must be devel- 
oped to measure saved energy, and 
standardized legal and financial prac- 
tices must be used to streamline the pro- 
cess. 

State and local governments have be- 
come a major market for energy conser- 
vation. One successful example is the 
city-owned utility in Osage, Iowa, which 
since 1974 has invested heavily in energy 
efficiency by funding extensive energy 
audits of almost half the town’s resi- 
dences. These audits, combined with 
peer pressure to encourage participa- 
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tion, led to weatherization of hundred 
of homes. As a result, Osage managed 
cut electric demand growth to zi 
through 1985, defer planned const 
tion programs, and cut electric ral 
three times in two years. The lower elec 
tricity bills have also helped Osage to 
attract new industry.38 

Electric and gas utilities have a cen 
role to play in institutionalizing ene 
efficiency. Since the late seventies, man 
have been pushed by regulators a 
legislators to adopt conservation p 
grams, often based on the concept 
least-cost planning. (See Chapter 
Using this approach, utilities invest 
improving customers’ efficiency as lo 
as greater efficiency costs less than n 
supply. This is essentially an attempt ti 
mimic the effects of a .market: 
cheapest options sell first in a mark 
and they are chosen first in least-¢ 
planning. 


According to a survey of U.S. electi 
utilities by the Investor Responsibi 
Research Center of Washington, D.C 
75 utilities spent $582 million on conser 
vation programs in 1985. Aggressi 
conservation programs at six of the larg 
est utilities have offset the need for 7,2 
megawatts of generating capacity—a 
less than a fifth the price of new plan 
construction. The more comprehensiv 
programs include building inspection! 
free energy-saving showerheads and 
water tank insulation, rebates for effi- 
cient appliances, and loans for home 
weatherization. Unfortunately, ma 
programs are little more than public 
lations campaigns, and others are bein 
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reduced in the face of power gluts. (See 
State of the World 1986 for a more thor- 
ough discussion.)3? 

At least two utilities are now buying 
saved energy. General Public Utilities 
Company of Pennsylvania (owner of the 
infamous Three Mile Island plant) pays 
for conservation by offering companies a 
fixed return on every kilowatt-hour 
saved. Conservation companies take out 
contracts for blocks of houses, inspect 
them, choose the most cost-effective in- 
vestments, and make the improvements. 
The companies are chosen by competi- 
tive bidding, and they take all of the risk 
of cost overruns or faulty installations. 
The utility helps with low-cost financing, 
and monitors the resulting improve- 
ments to measure the saved energy. ‘A 
similar program instituted by the Ore- 
gon-based Bonneville Power Adminis- 
tration in 1983 was put on temporary 
hold, a short-sighted response to the re- 
gion’s excess electricity supply.*° 

Central Maine Power may be the first 
utility to take the next logical step: put- 
ting energy savings and supply on an 
equal footing. Regulators are now exam- 
ining a plan to accept energy conserva- 
tion proposals in the next round of 
power contract bidding. Energy conser- 
vation firms representing blocks of con- 
sumers or individual large consumers 
could make proposals to provide the 
utility with “negawatts” of power. The 
proposals would be weighed against in- 
dependent power options on the basis of 
price, reliability, and other factors.*! 

This competitive bidding formula may 
be the key to boosting efficiency to its 
maximum cost-effective level and giving 
the energy conservation industry a solid 
long-term footing. | Unprecedented 
amounts of engineering and business in- 
genuity would be brought to bear. If the 
economic potential of efficiency is as 
large as experts believe (see Chapter 3), 
efficiency could become a sizable indus- 
try. 
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Competitive bidding that included 
conservation would be particularly ef- 
fective in rental housing, where waste is 
perpetuated by the diverging interests of 
tenants and owners. Conservation com- 
panies would identify potential improve- 
ments and provide the capital, removing 
the need for either the landlord or ten- 
ant to raise large sums of money. In 
addition, competitive bidding would 
counteract the tendency of many conser- 
vation improvements to be superficial or 
unreliable. A full-fledged conservation 
industry would have the necessary skills, 
equipment, and professional standards 
to perform effective, high-quality retrof- 
its. 

Even with competitive bidding, utili- 
ties—because of their links to energy 
users—will remain the linchpin of the 
energy system, providing the centralized 
billing and metering services. Most im- 
portant, utilities, regulators, and gov- 
ernment bodies will have to vigorously 
police the market. Precautions should be 
taken against counterproductive “cream 
skimming” (making improvements with 
high return rates while bypassing worth- 
while but less profitable improvements). 
Energy conservation firms will have to 
be licensed by the government, and pro- 
jects will have to be inspected to verify 
savings. If efficiency programs are to be 
treated like new power plants, they must 
be planned, designed, and implemented 
with the highest of standards. 


RESEARCH AND 
DEVELOPMENT NEEDS 


Technological advances are central to 
the shaping of energy futures, and in re- 
cent years technology development has 
accelerated drastically. Governments 
have led the way in commercializing a 
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number of large technologies, most no- 
tably nuclear power plants, while private 
industry, particularly since the mid-sev- 
enties, has focused on much smaller sys- 
tems. 

The fruits of these efforts are every- 
where. Oil drilling is being extended to 
depths unimaginable two decades ago. 
Coal can be burned with much lower sul- 
fur emissions. Nine-watt desk lamps are 
available that use just 10¢ of electricity 
per month. And some villagers are now 
generating their power directly from 
sunlight. Research and development is 
by nature a hit-and-miss process, and 
there have been as many failures as suc- 
cesses. The key is to design the R&D 
process in a way that maximizes the suc- 
cess rate while still pursuing technologi- 
cal options with potentially high payoffs. 

The late seventies witnessed a dra- 
matic increase in government spending 
on energy R&D. The industrial market 
countries doubled their energy research, 
development, and demonstration ex- 
penditures from $5.1 billion in 1975 to 
$10.2 billion in 1980. (See Table 2-3.) 
Most have leveled off since then, though 
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budgets have declined precipitously in 
the United States and West Germany, 
Today, Italy and Japan lead the mem- 
bers of the Organisation for Economic 
Co-operation and Development (OECD) 
in energy R&D expenditures as a pro- 
portion of gross national product, while 
the United States has fallen to last 
place.*? 

The most important legacy of the mid- 
seventies is the creation of new pro- 
grams to develop renewable energy and 
efficiency technologies. These grew ra- 
pidly until 1981, when they began to 
level off or fall in most countries. In 
1986, the OECD member countries 
spent $484 million on renewable energy 
R&D and $622 million on improved en- 
ergy efficiency R&D. (See Table 2-4.) 
This is 6.8 and 8.4 percent, respectively, 
of total energy R&D expenditures, stilla 
small sum compared to the $4.5 billion 
spent on nuclear technologies, including 
breeder reactors and fusion. Spending 
on renewables and efficiency has been 
uneven since the early eighties, with 
greater than 50-percent cuts in the U.S. 
and some other programs, and increases 


Table 2-3. Government Energy R&D Budgets in OECD Member Countries, 1975-86 


1986 R&D 
Expenditures per 
Country 1975 1980 1983 1986 $1,000 GNP 
(million 1986 dollars) (dollars) 
Italy 278! RIS 610 761 1.99 
Japan 821 1,987 2,128 2,311 1.73 
Canada 222 282 394 336 0.98 
West Germany 818 1,050 848 566 0.91 
United Kingdom 458 475 492 378 0.85 
Sweden 71 128 127 79 0.79 
United States 2,317 5,229 2,916 2,261 0.59 
Other OECD? 95 663 641 441 = 
Total OECD? 5,080 10,212 8,156 7,133 a 
11977. 2%Excludes France. 


SOURCE: International Energy Agency, Energy Policies and Programmes in IEA Countries, 1986 Review (Paris: 
Organisation for Economic Co-operation and Development, 1987). 
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in Greece, Italy, and the United King- 
dom.** 

No simple measures of the overall suc- 
cess of these programs are available, but 
substantial evidence exists of individual 
projects that have already led or will 
soon lead to important new commercial 
technologies. Some of the clearest suc- 
cesses involve small programs with mini- 
mal expenditures. The common ingredi- 
ents seem to be a well-thought-out 
development process and successful col- 
laboration between the public and pri- 
vate sectors. 

The tiny country of Denmark has led 
the world in developing intermediate 
scale, grid-connected wind turbines, an 
industry that did not exist before the 
eighties but reached sales of over $500 
million in 1985. (See Chapter 4.) Start- 
ing in the mid-seventies, Denmark began 
a program to build on its historical expe- 
rience with wind power technology. Less 
than $10 million of annual government 
funding was used to develop improved 
blades, rotors, and braking systems. In 
addition, the government established a 
national wind turbine test center to sup- 
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port the development of private com- 
mercial machines. Turbines had to pass 
a stringent certification test for tax credit 
eligibility. 

The Danish wind power industry grew 
slowly until 1982, when wind farming 
took off in California. Although the Dan- 
ish machines were generally heavier and 
less aerodynamically efficient than the 
American ones, years of painstaking 
progress made them much more reli- 
able, a key factor in any new technology. 
Since 1982, the Danish share of Califor- 
nia’s wind power market has grown 
steadily, reaching 65 percent in 1986. As 
of 1987, Denmark not only dominates 
the worldwide wind power industry but 
has helped make wind a reliable, eco- 
nomically competitive energy source.*® 

US. government-supported energy 
éfficiency programs have also spawned 
some small but important success sto- 
ries. In 1976, the Department of Energy 
and the Lawrence Berkeley Laboratory 
began a program to develop solid-state 
ballasts that would make fluorescent 
lamps 15-30 percent more efficient. (See 
Chapter 3.) By 1980, prototype lamps 


Table 2-4. Government Energy R&D Budgets in OECD Member Countries, 
by Energy Source, 1986 


c Fossil Fuels 


ountry Nuclear 


Japan 310 1,801 
United States 294 1,134 
Italy 4 658 
West Germany 122 352 
United Kingdom 20 271 
Canada 138 144 
Sweden 9 12 
Greece 3 2 
Denmark 5 0 

Total OECD! 990 4,503 


TTotal includes minor additional expenditures. Excludes France. _ 
source: International Energy Agency, Energy Policies and Programmes in 
Organisation for Economic Co-operation and Dev 


Renewables Efficiency Total! 


(million dollars) 


99 78 2,311 
177 275 2,261 
30 48 761 
66 21 566 
16 43 378 
11 34 336 
17 29 79 
10 0 15 
3 5 14 
484 622 7,133 


IEA Countries, 1986 Review (Paris: 


elopment, 1987). 
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installed at a federal office building met 
both reliability and performance stan- 
dards.*® 

Several small U.S. manufacturers 
began producing the new models, taking 
just 1.4 percent of the ballast market by 
1984. Large electronics companies in 
Europe and Japan developed a similar 
technology. In 1984, General Electric, 
GTE, and all the other major lamp 
manufacturers entered the market for 
solid-state ballasts, which are now ex- 
pected to take half of the U.S. market by 
1990. The American Council for an En- 
ergy-Efficient Economy found that the 2 
million ballasts in use in 1987 were al- 
ready saving $15 million worth of elec- 
tricity each year. Over the next 30 years, 
the new ballasts are expected to save $25 
billion worth of electricity—not bad, 
considering that the government seed 
money amounted to only $2.7 million.47 

The Department of Energy began an- 
other program in 1976 to develop spe- 
cial window coatings that allow light to 
pass unimpeded but retain heat within a 
building. Federal contractors developed 
several early generations of the new 
coatings, and after a few years some 
were able to raise venture capital to con- 
tinue the process privately. The technol- 
ogy did not really catch on until 1983, 
however, when a large window manufac- 
turer adopted it. Just $2 million was 
spent on the initial federal program to 
spur the development of the new win- 
dows, and private industry later spent 
over $150 million on facilities to manu- 
facture them. The windows are pro- 
jected to save $120 million worth of 
heating fuel annually in the mid-nine- 
ties, with cumulative savings reaching $3 
billion in the year 2000.48 

It is hard to know just how common 
such success stories are, but anecdotal 
evidence indicates that they are wide- 
spread. Researchers in dozens of fields 
report that the state of technology has 
advanced by huge strides since the late 
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seventies. (See Chapters 3 and 4.) How- 
ever, most of these advances have not 
yet reached a stage of commercialization 
that commands public attention. One 
example is thin-film photovoltaic cells, 
which are now used mainly for consumer 
electronic devices. But the costs are fall- 
ing so rapidly that household solar 
power may become practical in little 
more than a decade. 

Government energy research pro- 
grams should be seen as selective seed- 
ing efforts. Not all of the seeds need to 
sprout in order for the program to be a 
success. Unfortunately, such programs 
are put to a yearly political test in many 
countries, and budgets rise and fall de- 
pending on the fashion of the moment 
and whether a particular project can 
benefit a powerful constituency. Such 
uncertainty makes long-term planning 
difficult and makes investment in renew- 
ables less attractive for private investors. 

Japan, in contrast to other countries, 
has maintained a steady commitment to 
energy research and development pro- 
grams—from nuclear power to coal 
gasification and photovoltaics. Govern- 
ment policy states that “it is necessary to 
offer the appropriate guidance to the 
private sector’s energy conservation ef- 
forts, and to prevent the consciousness 
toward energy conservation or the in- 
centive toward investment in energy 
conservation from being affected and 
weakened by short-term trends in the oil 
markets.”’49 

Japanese energy R&D spending re- 
flects this commitment. It rose 140 per- 
cent between 1975 and 1980 and then 
increased another 17 percent between 
1980 and 1986, reaching $2.3 billion. 
For the first time, Japan leads the world 
in government energy R&D spending. 
The Sunshine Program for renewable 
energy and Moonlight Program for en- 
ergy efficiency are yielding excellent re- 
sults, with effective links to the private 
sector.50 
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By contrast, U.S. spending peaked in 
1980 at $5.2 billion, then declined 
sharply to about $2.3 billion in 1986. 
U.S. budgets were affected by the Rea- 
gan administration's desire to cut all 
programs with imminent commercial 
prospects (except some big-ticket nu- 
clear demonstration projects). The ad- 
ministration has also sought to virtually 
eliminate government support of renew- 
able energy and energy efficiency tech- 
nologies. Congress has continued to 
a. funds for these programs, but at 

s than half the levels of 1980-81. Asa 
result of growth in military expendi- 
tures, the Department of Energy has be- 
come mainly a nuclear weapons 
agency.>! 

U.S. energy programs have been 
skewed toward long-term nuclear pro- 
jects with dubious prospects, notwith- 
standing the small successes mentioned 
earlier. A 1987 General Accounting Of- 
fice study found that in most cases where 
federal support of technologies has been 
limited to basic research, private indus- 
try has not gone forward with commer- 
cialization efforts. Overall, U.S. energy 
R&D programs are marked by an ex- 
traordinary degree of confusion and 
bureaucratic infighting. The Depart- 
ment of Energy's own Inspector General 
has stated that there is no coherent long- 
tem plan guiding the Department's pro- 
grams.52 

Recognition is growing in the United 
States and throughout the world that ef- 
fective coordination between the public 
and private sectors is an essential ingre- 
dient of success in R&D. Only by work- 
ing with the thousands of companies that 
make equipment for producing and con- 
suming energy can the world’s vast 
scientific and engineering expertise be 
effectively harnessed to develop com- 
mercial equipment that will have a 
meaningful impact. 

An effective process must be set up to 
choose among myriad proposals for re- 
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search and development. In many coun- 
tries a built-in bias favors the proposals 
of large, well-established companies. 
The better Para however, are usu- 
ally those wi new projects are chosen 
on their merits. Independent engineer- 
ing panels can be set up to ensure that 
this occurs, something that has been suc- 
cessful with some of the U.S. energy ef- 
ficiency programs, Large increases in 
spending on renewable energy and ef- 
ficiency will be required in order to right 
the current imbalance in spending, but 
these increases will have to proceed 
gradually, with close technical guidance, 
if the funds are to be used effectively. 


U.S. energy R&D programs are 
marked by an extraordinary degree 
of confusion and bureaucratic in- 
fighting. 


International collaboration in energy 
R&D should also be made a high prior- 
ity. The recent mushrooming of energy 
technology development means that 
even wealthy nations can no longer af- 
ford to have independent research pro- 
grams in every promising field. So far, 
the European Economic Community has 
the largest such joint effort, and many 
European countries channel most of 
their energy R&D funds through the 

rogram. Total funding is now about 
$60 million per year for non-nuclear en- 
ergy R&D, split almost evenly between 
renewables and efficiency. In addition, 
the International Energy Agency main- 
tains a cooperative program among 
OECD member countries that has spent 
about $600 million during the past dec- 
adesa 

It is unfortunate that for the most part 
such programs have not been broadened 
to include centrally planned and devel- 
oping nations. The Third World has 
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been able to fund only small projects on 
its own and needs to share in the latest 
energy technology developments, par- 
ticularly those involving decentralized 
technologies. The United Nations Con- 
ference on New and Renewable Sources 
of Energy in 1981 was supposed to lead 
to such an effort, but it became bogged 
down in political infighting and bureau- 
cratic inertia. Although some foreign aid 
programs have effectively promoted the 
development of indigenous energy re- 
sources, these are neither as strong nor 
as numerous as they could be. 

In all nations, the creation of an effec- 
tive energy policy involves the successful 
blending of many different elements, 
any one of which taken in isolation is 
likely to be inadequate. Perhaps the 
most important principle is reliance on 
market forces. Their role is shown by 
what has happened through their ab- 
sence in the Soviet Union and Eastern 
Europe. Inefficient use of energy, lag- 
ging technology development, and 
choking air pollution have become syn- 
onymous with the centrally planned 
world, The Soviet Union, for example, 
has pioneered the development of some 
sophisticated efficiency technologies, 
but its buildings waste heat due to a lack 
of simple things like fiberglass insulation 
and caulking. Many developing coun- 
tries that rely on state-run enterprises 
and heavily subsidized energy prices 
now face similar problems. 

The market-based economies have 
done better, but still not well enough. 
Even the most capitalistic countries 
have a long history of inappropriate 
government intervention, reliance on 
monopolistic enterprises, and deeply 
entrenched obstacles to more-efficient 
buildings and transportation. Large en- 
ergy supply projects are generally fa- 
vored over smaller, renewable energy 
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technologies. In short, a real market ap- 
proach to energy has yet to be given a 
fair chance. 

Governments can unleash the vigor of 
markets by reforming institutions and 
reorienting enery subsidies and taxes so 
that prices reflect marginal costs, includ- 
ing environmental costs. So long as en- 
ergy is priced as if it were almost free, 
and so long as consumers have neither 
the means nor the information to make 
cost-effective investments in energy ef- 
ficiency, we will continue to squander 
our remaining fossil fuels. Reasoned, 
graduated efficiency standards, though 
seemingly in contradiction to an empha- 
sis on markets, can play a crucial and 
consistent role by encouraging manufac- 
turers to develop the technologies that 
market forces point toward. 

The many goals of energy policy— 
lowered oil dependence, economic com- 
petitiveness, environmental protection, 
and climate preservation—make the for- 
mulation of a comprehensive, consistent 
policy difficult. Any proposed quick so- 
lutions to the complex of problems are 
almost certainly unworkable. The key is 
to unleash the power of private innova- 
tion and individual action, without at- 
tempting to force broad government 
mandates on society. 

A goal of reducing national energy 
expenditures, if pursued rigorously, can 
lead to a strong emhasis on energy €t- 
ficiency, improve economic competi- 
tiveness, and limit growth of oil depen- 
dence. However, specific disincentives 
will be required to ensure that coun- 
tries do not become too heavily depen- 
dent on fossil fuels that threaten life- 
support systems. If all governments 
work toward this goal, we can immedi- 
ately embark on a path that will replace 
creeping disaster with gradual improve 
ment. 
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A 1987 report of the International En- 
ergy Agency contains a simple but re- 
markable statement: “Investment in en- 
ergy conservation at the margin 
provides a better return than investment 
in energy supply.” Environmentalists 
and advocates of “soft path” energy 
have been saying the same thing for a 
decade. But today the evidence is un- 
equivocal, even to government officials 
and industrialists who have devoted 
their careers to expanding energy sup- 
ply: Energy efficiency is one of the best 
buys in town, for consumers and compa- 
nies, as well as nations.! 

Enormous strides have already been 
made, outstripping most national effi- 
ciency targets and representing the 
single largest step in reducing depend- 
ence on imported oil. Most market- 
oriented industrial economies have 
improved their energy efficiency by 
between 20 and 30 percent since 1973. 
During a time when there was almost 
no net increase in supplies, efficiency 
developed to a point where it now 
displaces $250 billion worth of oil, 
gas, coal, and nuclear power annu- 
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ally in industrial market countries.? 

Technologies now mature could hold 
energy use in industrial countries level 
or even reduce it for the foreseeable fu- 
ture. In developing countries, efficiency 
can slow energy growth while actually 
accelerating the improvement of living 
standards. 

Energy efficiency can save more than 
fossil fuels. It is a powerful response to 
some of the most troublesome problems 
facing the modern world. The Persian 
Gulf now has one of the largest concen- 
trations of naval forces amassed since 
World War II, and dependence on Mid- 
dle East oil is growing. Acid rain is 
wreaking destruction on the forests of 
central Europe. Rising carbon dioxide 
levels may be the harbingers of catas- 
trophic climate change. And economic 
predicaments from Third World debt to 
falling international competitiveness 
threaten to mire the world economy in 
stagnation or worse. 

These seemingly unrelated threats to 
the health of the world’s economy and 
ecology are, on closer scrutiny, all po- 
tent arguments for a global effort to in- 
crease energy efficiency. As will be ar- 
gued in the final section of this chapter, 
energy efficiency is not only the most 
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cost-effective response to these prob- 
lems, it may offer the only viable solu- 
tion. 


EXTENDING THE EFFICIENCY 
REVOLUTION 


When the Ford Foundation completed a 
landmark study of the U.S. energy future 
in 1974, it presented three scenarios. 
One curve was identified as the “histori- 
cal growth scenario” and envisioned na- 
tional energy use doubling between 
1970 and 1987. The lowest consumption 
forecast, termed the “zero growth sce- 
nario,” still involved an almost 20-per- 
cent increase in energy use. Since that 
report was published the U.S. economy 
has expanded by over 35 percent, but 
U.S. energy use has fallen.’ 

While most analysts underestimated 
the potential for greater efficiency, they 
overestimated the world’s ability to live 
with the side effects of high`levels of en- 


Table 3-1. Energy Intensity of Selected National Economies, 1973-85 


Change, 
Country 1973 1979 1983 1985 1973-85 
(megajoules per 1980 dollar of GNP) (percent) 
Australia 21.6 23.0 22.1 20.3 - 6 
Canada 38.3 38.8 36.5 36.0 -6 
Greece! 17.1 18.5 18.9 19.8 +16 
Italy 18.5 17.1 15.3 14.9 -199 
Japan 18.9 16.7 13.5 13.1 -31 
Netherlands 19.8 18.9 15.8 16.2 -18 
Turkey 28.4 24.2 25.7 25.2 = 
United Kingdom 19.8 18.0 15.8 15.8 —20 
United States 35.6 32.9 28.8 27.5 —23 
West Germany 17.1 16.2 14.0 14.0 —18 


—— E mŘŐōȘŐ—— 
'Energy intensity increased as a result of a move toward energy-intensive industries such as metal 


processing. 


SOURCE: International Energy Agency, Energy Conservation in IEA Countries (Paris: Organisation for Eco- : 


nomic Co-operation and Development, 1987). 
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' five times as much energy as it do 


ergy consumption. It was assumed, for 
example, that world energy consump 

tion could more than double by the year 
2000 without debilitating price in- 
creases. The Organization of Petroleum- 
Exporting Countries (OPEC) was ex 
pected to be pumping at least three 
times as much oil as it now does, unhin- 
dered by tanker wars or a revolutionary 
regime in Teheran. Nuclear power was 
believed capable of supplying at least 


today, untouched by billion-dollar cos! 
overruns or accidents in Pennsylvania or 
the Ukraine.* r 

As circumstances changed, energy use 
patterns changed with them. Between 
1973 and 1985, the energy intensities 0 
all industrial market countries fell. (See 
Table 3-1.) However, the improvement 
varied widely—from about 6 percent in” 
Australia and Canada, to 18 percent n 
West Germany, and 23 percent in the 
United States. Japan improved by 31 
percent, remarkable since the nation” 
started with one of the world’s most ef- 
ficient economies. It continues to widen 
its lead during the eighties.® r 
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Energy efficiency data for centrally 
planned countries are more difficult to 
obtain, but available evidence indicates 
that these nations are lagging behind in 
the efficiency revolution. The Soviet 
Union has not bettered its record at all 
since the early seventies, and remains 
the least energy-efficient industrial econ- 
omy. Without the discipline of market 
prices, Soviet industrial managers look 
at energy bills as just another cost to 
pass on to consumers; many families still 
use open windows to regulate the tem- 
perature in their centrally heated apart- 
ments, even in the dead of the Soviet 
winter.® 

An energy efficiency gap has also 
opened among developing _ nations, 
Newly industrializing economies, such 
as Taiwan, South Korea, and Brazil, have 
begun to incorporate state-of-the-art 
industrial machines and processes, ac- 
companied by a broad array of energy 
efficiency standards and financial incen- 
tives. But most of the Third World lags 
further and further behind the industrial 
world. Many nations are still going 
through the early, energy-intensive 
phases of industrialization, and energy 
intensity is rising rather than falling. 
Moreover, many countries subsidize en- 
ergy prices, and have not yet imple- 
mented effective policies to restrain con- 
sumption. For most developing nations, 
imported oil continues to place a heavy 
burden on foreign exchange; lagging 
progress in efficiency will make it in- 
creasingly difficult to compete in inter- 
national markets. 

International economic competitive- 
ness is not just an issue for the Third 
World. In 1986, the United States used 
10 percent of its gross national product 
to pay the national fuel bill, but Japan 
used only 4 percent. Arthur Rosenfeld of 
Lawrence Berkeley Laboratory has cal- 
culated that, relative to Japan, the 
United States is effectively paying a 
$200-billion energy inefficiency tax, 
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leaving less to invest in other areas such 
as retiring the national debt. Japan is not 
only richer for its efficiency, it is also in 
position to dominate the world market 
for high-efficiency technologies.” 

Another gap is developing between 
different sectors of society. Efficiency 
improvements have been most impres- 
sive in industry, with buildings and 
transportation trailing somewhat. Effi- 
ciency improvements on the 
structure of the market: Buildings, which 
actually have the most potential for ef- 
ficiency gains, have slowly 
due to the fragmented nature of the mar- 
kets involved and the slow replacement 
rate of buildings compared with automo- 
biles and industrial equipment. Energy- 
intensive industries like chemicals have 
improved remarkably, however. Simi- 
larly, the commercial aviation industry 
has been pushed by punishingly high 
fuel costs to invest heavily in wide-body 
aircraft, improved jet turbines, and 
lighter materials, increasing fuel effi- 
ciency by about half.* 


In 1986, the United States used 10 


percent of its gross national prod- 
uct to pay the national fuel bill, but 


Japan used only 4 percent. 


How could the vast improvements that 
have occurred over the last 15 years have 
been so unobtrusive? Most of the 
changes are due to subtle shifts in the 
economy and to technological improve- 
ments, rather than to life-style changes 
or campaigns to turn down thermostats 
and buy tiny cars. Process and equip- 
ment changes make the average Japa- 
nese paper plant or steel mill 30-50 per- 
cent more efficient than it was a decade 
ago. A new American office building has 
about the same lighting levels and tem- 
peratures as older ones but uses less 
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than half as much electricity. Even large 
luxury cars now get 20-25 miles per gal- 
lon, comparable to much smaller cars 
built in the mid-seventies.? 

The main reason that efficiency has 
come so easily is that higher energy 
prices have spurred engineers, manag- 
ers, and consumers to make operational 
changes and start using what had be- 
come a backlog of efficient technologies. 
Governments often sped the process. 
Efficiency standards have been enacted 
for buildings, appliances, and automo- 
biles; tax credits and subsidies are avail- 
able; and new institutions have been 
created to open new avenues of invest- 
ment. Some utilities in the United States, 
for example, are now being rewarded by 
regulators for putting money into the 
efficiency of their customers’ build- 
ings.!° 

No country has even begun to tap the 
full potential for further improvements; 
a range of technologies now coming on 
the market are more efficient than ex- 
perts thought feasible just a few years 
ago. Efficiency gains of at least 50 per- 
cent are available in every sector of the 
economy. Yet from wood stoves in Afri- 
can villages to office buildings in Califor- 
nia, the limiting factor is not technical 
but rather institutional. (See Chapter 2.) 

Increasing energy efficiency requires 
the orchestration of dozens of technolo- 
gies, policies, and institutions—one rea- 
son that countries have differing degrees 
of success. Indeed, energy efficiency 
provides an interesting microcosm of 
economic organization. Centrally 
planned economies such as the Soviet 
Union’s have shown virtually no im- 
provement in energy efficiency, whereas 
market-oriented and highly organized 
economies such as Sweden’s and Japan’s 
have done unusually well. 

Data available through mid-1987 indi- 
cate that energy efficiency continues to 
improve in most nations, despite the oil 
price collapse of 1986. Many of the in- 
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vestments made after the 1979-81 in- 
creases in oil prices are still “in the pipe- 
line.” It is only a matter of time, 
however, before lower oil prices slow the 
momentum. Around the world, govern- 
ment and private energy efficiency pro- 
grams are being abandoned, and new in- 
vestments are being curtailed. Without 
prompt action, trouble lies ahead."! 
The key to cost-effective investment in 
energy efficiency is a concept known as 
“least-cost planning.” Adopted by a 
growing number of American states, 
least-cost planning puts investments in 
energy supply and energy conservation 
on an equal footing. Whenever an in- 
yestment in increased efficiency is more 
economical than one in energy supply, 
least-cost planning would give it prior- 
ity. Several studies show that such an ap- 
proach could lead to additional energy 
efficiency improvements worth billions 
of dollars. It is a principle that can be 
effectively used by government agencies, 
corporations, and consumers.!? 


BUILDING FOR EFFICIENCY 


Winston Churchill once said “We shape 
our buildings and afterwards our build- 
ings shape us.” Churchill understood 
the crucial importance of the indoor en- 
vironment to the human species. We 
have become an indoor breed, spending 
most of our lives inside walls we have 
built ourselves. We now also spend a 
substantial share of world energy re- 
sources heating, cooling, and lighting 
buildings: In 1985, buildings in the in- 
dustrial market economies used the pri- 
mary energy equivalent of 16.7 million 
barrels of oil per day, almost the entire 
daily production of OPEC that year. The 
economic and environmental implica- 
tons of energy consumption on that 
scale are enormous. Indeed, a contem- 
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porary Churchill might say “We shape 
our buildings and afterwards our build- 
ings shape our world.” 13 

In industrial market economies, en- 
ergy goes to buildings, industry, and 
transportation in almost equal parts. 
Centrally planned economies and many 
developing countries, on the other hand, 
devote over half their commercial en- 
ergy to industry. In Eastern Europe and 
the Soviet Union, despite the prevalence 
of theoretically efficient apartment 
buildings and district heating, buildings 
tend to be leaky and poorly insulated.!4 


Better air conditioners make even 
more sense in Manila than in Man- 
hattan. 


Structures in developing countries _ 


present two starkly different images. In 
the countryside, buildings are Spartan, 
fuelwood is the dominant energy source, 
and the essential energy questions are 
those of bare needs. Because fuelwood 
use is currently so inefficient, total en- 
ergy consumption measured in units of 
am is actually quite high. (See Chapter 

Cities across the Third World house 
the swelling urban underclass, who use 
fuelwood, charcoal, or more expensive 
fuels as changing prices dictate. Mean- 
while, members of a relatively wealthy 
elite consume energy with the same pro- 
fligacy as their industrial-country coun- 
terparts. For this modern sector, which 
takes the bulk of national commercial 
energy, high-efficiency technologies are 
crucial. Indeed, better air conditioners 
make even more sense in Manila than in 
Manhattan. 15 

In industrial market countries, an ever 
growing stock of buildings has used an 
almost constant amount of energy since 
the early seventies. Efficiency has filled 
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the gap. Buildings in these countries use 
25 percent less energy per person than 
they did in 1973, saving the equivalent of 
3.8 million barrels of oil every day— 
more than the output of the North Sea. 
Gains to date, however, pale beside what 
new technologies make possible. Experi- 
ence now proves that it is possible to 
construct buildings that use only one 
tenth to one third as much energy as 
today’s structures.!@ 

Already, Swedish homes are twice as 
well insulated as those in northern Min- 
nesota, for example, and considerably 
better insulated than houses in other 
parts of Europe. Homes in London, for 
instance, use more energy than their 
counterparts in Stockholm but are much 
colder in the winter. “Retrofitting,” 
renovating to save energy, can make a 
difference. In over 40,000 retrofits 
monitored by U.S. utilities, energy con- 
sumption fell by a quarter, and home- 
owners got a 23-percent annual return 
on their investment.!? 

Retrofits that are well conceived and 
executed pay for themselves in lower 
bills in less than five years. Many, how- 
ever, are still poorly done, resulting in 
small energy savings. Such services must 
be improved. In addition, consumers 
often lack full information on the eco- 
nomic merits of retrofits or capital to 
carry them out. In rental housing, often 
the least efficient type, landlords pass 
electricity and gas bills on to renters, and 
so have no incentive to finance retrofits; 
tenants meanwhile have little interest in 
paying for improvements to someone 
else’s property. These market failures 
perpetuate the waste of energy that oc- 
curs in existing homes.!® 

Boosting efficiency in new residences 
is also crucial. Energy efficiency is cheap- 
est when built in from the start, so the 
efficiency potential in new buildings far 
exceeds that in existing ones. While av- 
erage U.S. homes consume 160 kilo- 
joules of heating energy per square 
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meter of floor space per degree-day, new 
Swedish houses use just 65. Recently 
built super-efficient homes in Minnesota 
average 51 kilojoules, and some individ- 
ual units in Sweden go as low as 18.19 

The key to these savings is “superin- 
sulation”: doubling the normal insula- 
tion and building an airtight liner into 
the walls. In fact, superinsulated houses 
are so airtight that they require mechani- 
cal ventilation to remove indoor air pol- 
lutants. Heat radiating from people, 
stoves, and appliances warms the house, 
requiring little auxiliary heating, In sum- 
mer, superinsulation also keeps warm air 
out,?0 


As much energy leaks through 
American windows every year as 
flows through the Alaskan pipe- 
line. 


Superinsulation adds about 5 percent 
to building costs, but the energy savings 
cover the extra expense in around five 
years. There are now more than 20,000 
superinsulated homes in North America, 
with perhaps 5,000 more built every 
year. But this is not even 1 percent of 
new housing construction. Homebuyers 
tend to discount long-term costs like en- 
ergy, so builders put their efforts into 
cosmetic selling points rather than effi- 
ciency. As one expert in energy-wise 
housing put it, when American 
homebuyers must choose between bet- 
ter insulation and a Jacuzzi whirlpool 
bath, “the Jacuzzi wins out most of the 
time.””21 

Commercial buildings—offices, hospi- 
tals, schools, and stores—use less total 
energy than residences in most coun- 
tries, but their use is growing more ra- 
pidly. Efficiency investments in these 
Structures tend to be very inexpensive 
but commercial-building owners still 
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tend to underinvest in this field. Since 
1973, closer attention to heating, cool- 
ing, and lighting efficiency has already 
cut energy consumption in new U.S. of- 
fice buildings from the extraordinarily 
wasteful level of 5.7 million kilojoules 
per square meter of floor space per year 
to 3.0. Commercial buildings in Sweden 
now average under 1.7, and the govern- 
ment enforces a maximum standard of 
1.1 for new buildings. If all U.S. com- 
mercial buildings were that efficient, 
total U.S. energy consumption would be 
9 percent lower.?? 

Survey data for the United States show 
no correlation between energy efficiency 
and construction costs in new office 
buildings, suggesting that efficiency im- 
provements have been essentially free 
up until now. The cost of added insula- 
tion and window glazing is covered by 
the savings from smaller cooling and 
heating systems. The Oregon-based 
Bonneville Power Administration esti- 
mates that a further improvement of 30 
percent would increase construction 
costs less than 1 percent. Energy savings 
from efficiency investments during con- 
struction are almost pure profit. 

The most important feature of effi- 
cient new commercial buildings is “intel- 
ligence.” In existing structures, inflexi- 
ble energy systems that are oblivious to 
outdoor temperatures often waste en- 
ergy cooling air in winter and warming it 
in summer. “Smart buildings” monitor 
both outdoor and indoor temperatures, 
sunlight, and the location of people— 
sending heat, cooled air, and light where 
it is most needed. Analysts at Lawrence 
Berkeley Laboratory calculate that Los 
Angeles homes could halve their air con- 
ditioning bills just by changing the con- 
trols on air conditioners to measure tem- 
peratures outside and then ventilate 
rather than cool whenever possible.” 

One intriguing technique now making 
a splash in the commercial building mať- 
ket is called “thermal storage,” whic 
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holds heat or cold for later use. Some 
new office buildings. in Sweden so effec- 
tively store heat from the people and 
equipment inside them that they use vir- 
tually no auxiliary heating, even in the 
middle of winter. And in Reno, Nevada, 
some buildings now operate through the 
summer without air conditioning, using 
cool night air to chill large chambers of 
water that keep indoor temperatures 
comfortable during the day.?5 

Many of the technologies used in ef- 
ficient new commercial buildings are so 
cost-effective they are worth installing in 
existing buildings as well. A detailed 
analysis of commercial buildings in Aus- 
tin, Texas, by Amory Lovins and his col- 
leagues at the Rocky Mountain Institute 
identified potential] savings of 1.8 billion 
kilowatt-hours per year, 73 percent of 
the buildings’ current electricity use. 
Moreover, because the payoffs from 
these savings would be so great, realiz- 
ing them would cost less than just oper- 
ating most power plants.26 

Window technology, crucial to both 
commercial and residential buildings, is 
improving rapidly. As much energy leaks 
through American windows every year 
as flows through the Alaskan pipeline. A 
special “heat mirror” film that doubles 
windows’ insulation value by letting in 
light without letting out heat is moving 
well on the market. Further window im- 
provements can be realized by creating a 
vacuum between the two parts of a dou- 
ble-pane window, effectively turning 
windows into thermos bottles. Advanced 
technologies that may be economical in 
the nineties could give windows the 
same insulation value as ordinary 
walls 27 

Internal energy uses—appliances, fur- 
naces, air conditioners, and lights—are 
also ripe for savings. For example, the 
average refrigerator-freezer in American 
homes consumes 1,500 kilowatt-hours 
of electricity every year. The average 
new model of that size does the same job 
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with 1,100, and the best model on the 
market, a Whirlpool, takes only 750. But 
further gains are possible: A Danish pro- 
totype consumes 530; a Californian cus- 
tom model runs on 240; and one study 
suggests that the number could cost-ef- 
fectively drop as low as 200 kilowatt- 
hours per year.?8 Similar stories could be 
told of most other appliances. (See 
Table 3-2.) 

Efficient appliances generally have 
higher price tags, but the lower energy 
bills more than cover the difference. In 
1986, the best refrigerator on the market 
cost $60 extra. But that investment paid 
itself off in 30 months, a 45-percent rate 
of return.?9 

A powerful measure of the economic 
merit of efficiency gains is called the 
“cost of saved energy.” Every kilowatt- 
hour an American homeowner buys 
from a utility costs 7.8¢ on average, but 
every kilowatt-hour saved by the Whirl- 
pool refrigerator costs the consumer less 
than two pennies. The pennies, of 
course, are not on the electric bill but in 
the higher purchase price of the more 
efficient model. These cost-of-saved-en- 
ergy figures allow energy planners to 
compare efficiency investments with new 
supply options on a least-cost basis.*° 

Heating and cooling technologies can 
also be made far more efficient. Conven- 
tional gas furnaces, for instance, send a 
quarter of their heat up the chimney. But 
new condensing furnaces reabsorb 
much of that heat by cooling and con- 
densing exhaust gases. They cut fuel use 
by 28 percent, reduce air pollution, and 
make chimneys obsolete, requiring only 
a small exhaust vent.?! 

Heat pump applications for both heat- 
ing and cooling are proliferating. Elec- 
tric heat pumps that heat in winter and 
cool in summer are already making in- 
roads in home heating markets long 
dominated by oil and gas. Heat pump 
clothes dryers can be twice as efficient as 
conventional designs. Several heat 
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Table 3-2. United States: Energy Efficiency Improvements and Potential for 
Residential Appliances and Equipment, 1985 


Average New Best Estimated 
of Those Model Commercial Cost-Effective Potential 
Product in Use Average Model Potential! Savings? 
(kilowatt-hours per year) (percent) 
i 00 87 
Refrigerator 1,500 1,100 750 200-4 
Central Air Conditioner 3,600 2,900 1,800 900-1,200 75 
Electric Water Heater 4,000 3,500 1,600 1,000-1,500 75 
Electric Range 800 750 700 400-500 50 
(therms per year) (percent) 
Gas Furnace 730 620 480 300-480 59 
Gas Water Heater 270 250 200 100-150 63 
Gas Range 70 50 40 25-30 64 


Mar) ae ER a r ŘŘĖō— 
*Potential efficiency by mid-nineties if further cost-effective improvements already under study are 
made. *Percent reduction in energy consumption from average of those in use to best cost-effective 


potential. 


source: Howard S. Geller, “Energy-Efficient Appliances: Performance Issues and Policy Options,” [EEE 


Technology and Society Magazine, March 1986. 


pump water heaters now on the market 
use half the power of conventional units. 
Howard Geller of the American Council 
for an Energy-Efficient Economy calcu- 
lates that installing these in all American 
homes with electric water heaters would 
eliminate the need for 15 large power 
plants.3? 

Efforts to boost energy efficiency in 
buildings must eventually tackle all en- 
ergy uses, but they might start with the 
light bulb. Lighting, which consumes 
about 20 percent of U.S. electricity, of- 
fers some of the largest and most eco- 
nomical savings now available. Arthur 
Rosenfeld of Lawrence Berkeley Labora- 
tory believes that 40 large U.S. power 
plants could be given early retirement 
simply by fully applying available, cost- 
effective lighting technology.38 

Lighting also has a psychological ad- 
vantage as a starting point. Ever since 
Thomas Edison, the light has symbol- 
ized electricity—indeed, in much of 
Latin America the words are used almost 


interchangeably. Cutting energy used 
for lighting in industrial countries by 
three quarters, while extending efficient 
lighting into Third World villages where 
there has never been electricity before, 
would provide a fitting challenge. It 
could also serve as a test case for institu- 
tionalizing least-cost energy planning. 
Part of a global response to the mount- 
ing economic and environmental 
ramifications of fossil fuel dependence 
might grow, ironically, from the simple 
slogan “Better light bulbs.” 

Compact, screw-in fluorescent bulbs 
with special “warm light” coatings are 
beginning to replace traditional incan- 
descent ones. One new 18-watt fluores- 
cent provides the light of a 75-watt in- 
candescent and lasts 10 times as long. 
The purchase price is high, but the cost 
of saved energy is generally under 2¢ per 
kilowatt-hour. They have an environ- 
mental bonus as well: Over their useful 
lives, compact fluorescent light bulbs 
each save 180 kilograms of coal and keep 
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130 kilograms of carbon out of the atmo- 
sphere.*4 

The bulbs are still somewhat bulky, 
not yet fitting into all standard fixtures, 
but engineers are improving them at 
breakneck speed. Major manufacturers 
have not aggressively marketed the 
bulbs, claiming that consumers’ extreme 
sensitivity to purchase prices would 
make them unsalable. If utilities or en- 
ergy conservation companies with ample 
capital were to invest in efficient lighting 
within people’s homes and offices, and 
split the savings with them, compact 
fluorescents could sweep the market and 
electricity demand would drop. 


One new 18-watt fluorescent pro- 
vides the light of a 75-watt incan- 
descent and lasts 10 times as 
long. 


The lighting revolution does not stop 
with minifluorescents; researchers are 
making still greater improvements on 
full-sized tubes used in commercial 
buildings. High-frequency electronic 
baliasts (the devices in fluorescent fix- 
tures that control the electrical cur- 
rent in the tube) cut energy use by 20- 
30 percent. High-frequency ballasts are 
now commercial and, because they 
are so economically attractive (with 
a cost of saved energy around 2¢ per 
kilowatt-hour), may capture half of 
fluorescent light sales by the mid- 
nineties, 35 

A package of measures already on the 
market, including better controls, re- 
flectors, and spacing, as well as im- 
proved bulbs and ballasts, can reduce 
lighting energy required in commercial 
buildings by over 75 percent. The Uni- 
versity of Rhode Island recently cut 
lighting energy consumption by 78 per- 
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cent for only lg per saved kilowatt-hour, 
chopping $200,000 off the university's 
annual electric bill. Advanced technical 
developments such as super-high-fre- 
quency ballasts are within a decade of 
maturity. Microelectronic sensors that 
measure sunlight and sense people en- 
tering and leaving rooms can cut energy 
use for lights in half yet again. Further- 
more, every improvement in lighting 
efficiency lowers the generation of waste 
heat and therefore saves on air condi- 
tioning. The California Energy Commis- 
sion calculates that in Fresno, every 100- 
watt savings on lighting means an 
additional 38-watt savings on air condi- 
tioning.3¢ 

If technical developments alone set 
the pace of efficiency improvements, 
buildings in much of the world would 
already be more than twice as efficient as 
they now are. But entrenched institu- 
tions and market failures perpetuate an 
economically irrational and ecologically 
wasteful status quo. Policies that reform 
institutions and correct market failures 
can open the vast efficiency gold mine. 
(See Chapter 2 for further discussion of 
energy policy questions.) 

Providing buyers with full information 
may require energy ratings for new 
buildings along the lines of the automo- 
bile mileage ratings now common in 
many countries. Developing such ratings 
would be technically challenging, but 
initial work suggests it is possible. Over- 
coming consumers’ sensitivity to initial 
costs may require special energy-saving 
financing. The diverging interests of 
tenants and landlords may require a va- 
riety of subtle responses from policy- 
makers. And reforms in the construction 
industry will be required to build maxi- 
mum efficiency in from the start. That is 
crucial because building practices shape 
energy demand for a century, power 
plants and oil wells last less than half as 


long. 
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Tue FUEL ECONOMY 
CHALLENGE 


Transportation is now the largest and 
most rapidly growing drain on the 
world’s oil reserves. The United States 
uses fully 63 percent of its oil in trans- 
portation, more than the country pro- 
duces. Worse, as auto sales grow, much 
of the world appears set on replicating 
this unhealthy condition. Already, pas- 
senger cars consume one of every six 
barrels of oil. Meanwhile, the by-pro- 
ducts of human transport have become a 
force of nature: Fossil fuels burned to 
move people and cargo release more 
than 700 million tons of carbon into the 
atmosphere annually. Indeed, the aver- 
age American car pumps its own weight 
in carbon into the atmosphere each 
year.37 

The crux of the transportation energy 
predicament is overreliance on the auto- 
mobile. It has led to neglect of railroads, 
halfhearted efforts at mass transit, and 
indifference to energy in urban plan- 
ning. In a sense, the most significant 
transportation energy decisions are 
made by city planners. Suburban sprawl, 
for example, is both a by-product of the 
private car and the perpetuator of its do- 
minion. Once sprawl sets in, as it has in 
much of the industrial world, cities are 
locked into auto-dependence. And as 
tightening gridlock slows traffic in many 
cities, the efficiency of auto-centered 
transport systems falls. 

_ Young, rapidly growing cities, espe- 
cially those in developing countries, 
have the opportunity to plan for enor- 
mous energy savings early on by design- 
ing residential and work areas that do 
not require people to travel long dis- 
tances. But even mature cities can save 
energy by reducing dependence on the 
automobile. When policies encourage 
their full use, van pools, public cars, 
buses, and railroads require a quarter as 
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much fuel to move each passenger a kilo- 
meter as private cars or airplanes do. Bi- 
cycling and walking not only take no fuel 
and release no pollution, they improve 
health simultaneously. Trains and ships, 
meanwhile, use less than a third as much 
fuel as trucks do to move a ton of freight. 
Only when walking, bicycling, and using 
public transit become the norm in the. 
world’s major urban complexes can oil 
dependence be cut substantially.** 

Where the automobile culture is 
deeply ingrained, however, conversion 
to an energy-wise transportation system 
will take time. Institutions, life-styles, 
and the structures of many cities are 
built on the premise that “trans- 
portation” is synonymous with “‘auto- 
mobile.” Thus, improving auto fuel 
economy has to be a priority. 

Worldwide, the average fuel efficiency 
of new cars has improved by at least 25 
percent since 1973, but this has not pre- 
vented the overall oil requirements of 
cars from rising. New cars now average 
between 25 and 33 miles per gallon 
(MPG) in most countries, compared with 
the 1973 range of 13 MPG in the United 
States to 28 MPG in Italy. (See Table 
3-3.) Fuel economy gains to date are 
dominated by simple weight reduction 
following the transition to smaller cars 
with front wheel drive. New American 
cars have nearly doubled their fuel econ- 
omy since 1973, but still have not closed 
the efficiency gap with Europe and 
Japan.39 

Today, a host of fuel-efficient tech- 
nologies are being introduced in show- 
room models, and more exciting innova- 
tions can be found in research and 
development programs. Four-passenger 
cars with fuel economy close to 100 
MPG have reached the test tracks of 
Europe and Japan. Indeed Europe and, 
especially, Japan are setting the pace mM 
developing new fuel-saving technolo- 
gies, while the United States falls further 
and further behind. By late 1987 the 
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Table 3-3. Urban Fuel Efficiency of New 
Passenger Cars Sold in Selected 
Countries, 1973 and 1985 


Country 1973 1985 Change 
(miles per 

gallon) (percent) 
Denmark 26! 33 +27 
West Germany 23 31 +35 
Italy? 28 30 +7 
Japan 23 30 +30 
United Kingdom 21 31 +48 
United States? 13 25 +92 


ee eee ee Te 
11975. Average of all cars in use, not new cars. 

3Composite urban-highway figure. Figures for city 

driving would be lower. 

source: International Energy Agency, Energy Con- 

servation in IEA Countries (Paris: Organisation for 

Economic Co-operation and Development, 1987). 


three leading American carmakers had 
dismantled much of their research pro- 
grams on smaller, fuel-efficient cars. In 
Japan, meanwhile, advanced fuel econo- 
my technologies are moving steadily into 
production.*° 

Gains in fuel economy usually come 
piecemeal. Auto weight can be trimmed 
by incorporating more aluminum, new 
alloys of steel, recently developed engi- 
neering-grade plastics, and space age 
ceramics. Aerodynamic drag can be re- 
duced by streamlining the body. Engines 
can be modified or completely rede- 
signed to make fuller use of the energy 
released in combustion. Improved trans- 
missions can match efficient engine 
speeds with drive power needs. Efficient 
air conditioners and other accessories 
allow reductions in engine size and auto 
weight. Microelectronics can fine-tune 
engine and transmission operation and 
can revolutionize steering. 

Several innovative fuel-efficient mod- 
els are already on the road, achieving 
over 50 MPG. (See Table 3-4.) Most are 
Japanese. The Honda CRX, a two-seater 
that runs like a sports car, has plastic 
body panels, aluminum parts, good 
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aerodynamics, and a special lean-burn- 
ing engine. The Suzuki Sprint engine is 
constructed largely of aluminum, and 
the Mitsubishi Mirage can turn extra cyl- » 
inders on and off as needed. The Honda 
City has a hybrid manual-automatic 
transmission that in effect gives the car 
seven gears, keeping engine speed 
closer to the optimum.*! 

Subaru has replaced the gear box en- 
tirely in its tiny Justy, opting instead for 
a “continuously variable transmission” 
(CVT). In CVTs, a belt transfers engine 
power to the drive shaft as it runs around 
two self-adjusting pulleys, giving the car 
an unlimited number of gears. Subaru 
found that this technology improved 
fuel efficiency by 20 percent over a 
three-speed automatic and by 10 percent 
over a five-speed manual transmission.*? 

Prototype models have fuel economy 
levels far surpassing anything on the 
market. The most innovative prototype 
is Volvo’s aerodynamic LCP 2000. Volvo 


Table 3-4. Fuel Efficiency of Selected 
Four-Passenger Automobiles, 1987 


Fuel 
Model Fuel Efficiency! 
(miles per 
gallon) 
In Production 
Peugeot 205 gasoline 42 
Ford Escort diesel 53 
Honda City gasoline 53? 
Suzuki Sprint gasoline 57 
Prototypes 
Volvo LCP 2000 diesel 71 
Peugeot ECO gasoline 73 
Volkswagen E80 diesel 85 
Toyota AXV diesel 98 


AE pes ee oe 
Composite urban-highway figure. 2City driv- 

ing; composite would be higher. 

source: Deborah Bleviss, The New Oil Crisis and Fuel 

Economy Technologies: Preparing the Light Transporta- 

tion Industry for the 1990's (New York: Quorum 

Press, in press). 
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used lightweight materials extensively, 
including magnesium. The LCP weighs 
half as much as the average American car 
and has an advanced diesel engine that 
can accommodate alternative fuels. Fur- 
thermore, Volvo engineers plan to in- 
stall a CVT and a flywheel energy stor- 
age system to boost mileage by an 
additional 20 MPG.*3 

Volvo has also kept the consumer in 
mind: The LCP 2000 withstands impacts 
more severe than many vehicles in use, 
meets air pollution standards, has better 
acceleration than the average new 
American car, and could be mass-pro- 
duced at about the same cost as today’s 
subcompacts. Toyota's prototype AXV 
is another standout, complementing an 
advanced diesel engine with a continu- 
ously variable transmission, It is spa- 
cious enough for use as a family car—a 
remarkable achievement considering its 
estimated fuel economy of 98 MPG.#4 


For most consumers fuel economy 
is a relatively low priority when fuel 
prices are not skyrocketing. 


Any of a number of technologies 
could reshape future autos, bringing 
about even greater savings. Generally, 
improved aerodynamics and weight re- 
duction promise the most gains today, 
but transmission advances are also ra- 
pidly maturing. New engines that may 
take over in the longer run include lean 
burn and stratified charge models, and 
those made wholly of ceramics. 

There can be little argument about the 
technical potential for extraordinarily 
efficient automobiles, but marketers, es- 
pecially in the United States, know that 
for most consumers fuel economy is a 
relatively low priority when fuel prices 
are not skyrocketing. Fortunately, fuel 
efficiency need not come at the expense 


of other important features. High-effi- 
ciency models can be safe, reliable, af- 
fordable, and even “sporty,” as the 
Honda CRX and the Volvo LCP demon- 
strate. 

Diesels are the most efficient engines 
to date, but their future is clouded by 
their air pollution emissions. Although 
they emit less carbon monoxide and hy- 
drocarbons than gasoline engines do, 
diesels issue more nitrogen oxides and 
particulate matter. Both Mercedes Benz 
and Volkswagen haye developed tech- 
nologies to bring their diesels into com- 
pliance with California’s particulate 
standards—the strictest in the world. 
Nevertheless, if these diesels were 
widely used, they would still result in 
some deterioration in air quality. Ex- 
perts believe, however, that clean diesels 
can be developed. Alternatively, it may 
prove easier to achieve the same effi- 
ciency improvements using other tech- 
nologies.4® 

All changes in auto design cost 
money, including those that go into peri- 
odic style changes. Although some effi- 
ciency technologies appear expensive, if 
they are mass-produced and integrated 
into modern assembly lines, the result- 
ing vehicles may well cost about the 
same as today’s models. Advanced 
materials like plastics require fewer 
welds and parts, and therefore cost less 
to manufacture. Moreover, the econom- 
ics are far more favorable when tech- 
nologies are introduced as a package 
rather than piecemeal. The U.S. Office 
of Technology Assessment estimated in 
1982 that if fuel economy innovations 
were fully integrated into the normal 
cycle of turnover in plant and equip- 
ment, it would cost an additional $50-90 
per automobile in the United States to 
bring most cars into the 38-53 MPG 
range by 1990. By 2000, cars could aver- 
age 51-78 MPG for an additional $120- 
330 apiece (in 1980 dollars)—less than a 
good car stereo.46 
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Despite the modest cost of improving 
fuel efficiency, the market alone is un- 
likely to boost efficiency as significantly 
as necessary to head off growing oil de- 
pendence and greenhouse warming. Al- 
though the cost of saving gasoline (em- 
bedded in the higher price of a more 
efficient car) continues to be far below 
the cost of buying it, car buyers care less 
about fuel economy above a certain 
threshold. Attention shifts more to other 
factors like reliability and styling, be- 
cause the expense of putting gas in the 
car becomes less significant than other 
costs, such as maintenance. At that 
threshold, which varies somewhat based 
on fuel prices, society’s interests require 
policies such as standards and consumer 
incentives to continue to push fuel econ- 
omy up. 


NEw FRONTIERS FOR 
INDUSTRY 


In most countries, industry has led the 
way in improving energy efficiency dur- 
ing the past 15 years. Overall, the energy 
intensity of the industrial sector in coun- 
tries that belong to the Organisation for 
Economic Co-operation and Develop- 
ment has fallen a remarkable 30 percent 
since 1973. Denmark and Japan made 
unprecedented gains, with 7-percent an- 
nual savings between 1979 and 1984. In 
the United States, industrial energy use 
in 1986 was actually 17 percent lower 
than in 1973, despite a 17-percent in- 
crease in industrial production during 
the period. In some nations, including 
the United States, industry is no longer 
the largest energy user.47 

„Marc Ross, a physicist at the Univer- 
sity of Michigan, has suggested that the 
lowered energy intensity of U.S. industry 
has two causes. About 45 percent, he es- 
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timates, is attributable to structural 
shifts in the economy toward the pro- 
duction of less energy-intensive materi- 
als and goods. Production of steel and 
cement, for example, has fallen, while 
electronic gadgets proliferate; some en- 
ergy-intensive raw materials are now im- 
ported from newly industrializing coun- 
tries. The other 55 percent of the 
improvement can be traced to new, 
more-efficient equipment and processes. 
In many industries, managers have ag- 
gressively reduced energy consumption 
to preserve their profit margins.** 

Industry’s use of oil has fallen particu- 
larly rapidly; petroleum has become a 
specialty fuel. Almost half the oil Ameri- 
can industry consumes now serves as 
raw material rather than fuel. Use of nat- 
ural gas and coal has also fallen in many 
cases, and even the utilities’ loudly trum- 

eted “electrification of industry” has 
fallen flat: Electricity use has leveled off 
as efficiency gains consistently offset the 
introduction of electrical processes such 
as electric arc furnaces and robotics.*9 

Even after these advances, industry 
still uses 37 percent of the total energy 
supply of the industrial market econo- 
mies, and as much as 60-70 percent in 
many developing nations. North Ameri- 
can industry is still much more energy- 
intensive than the industries of Europe 
and Japan, and recent declines in oil 
prices may lull some industries into com- 
placence, delaying additional improve- 
ments.5? 

The lion’s share of industrial effi- 
ciency improvements in the United 
States so far has been in petroleum re- 
fining, chemicals, cement, metals, paper, 
glass, and clay—energy-intensive 1n- 
dustries where competition required 
change. Other, less energy-intensive in- 
dustries now use a growing share of in; 
dustrial energy. Studies show that many 
companies continue to pass up many 
efficiency investments with short pay- 
back periods, while investing aggres- 
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sively in means of boosting market 
share.5! 

Training managers how to identify 
and appraise opportunities to increase 
energy efficiency should be a high prior- 
ity for corporate and national planners. 
Consideration of the potential to raise 
efficiency can make a particularly large 
difference when companies are adding 
new equipment, which affects the plant’s 
energy use for decades. Many companies 
have appointed senior energy program 
managers with responsibility in this 
area—with rewards tied to success in 
lowering energy costs. Japan, which has 
made particularly large strides in reduc- 
ing industrial energy use, requires by law 
that companies with high energy con- 
sumption designate full-time energy 
managers. 
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Industry’s use of energy is varied, but 
a few widely used technologies hold im- 
mense potential for savings. In the 
United States, fully 95 percent of indus- 
trial electricity goes for electromechani- 
cal drives, electrolysis, and heating. (See 
Table 3-5.) Electromechanical drives, 
ubiquitous in industrial processes, can 
be improved in many ways, including the 
use of electronic speed controls that cut 
power needs by up to 50 percent. Sales 
of these devices have more than tripled 
in the United States since 1976, and can 
be expanded further. The Electric Power 
Research Institute estimates that varia- 
ble speed drives alone are sufficient to 
offset the electricity that will be used by 
all 27 new electricity-using industrial 
technologies projected to be introduced 
between 1980 and 2000.52 


Table 3-5. United States: New Technologies and Industrial Electricity Use 


Share of 

Industrial 
Electric Use Electricity! 

(percent) 
Electromechanical Drives 70 
Electrolysis 15 
Electroheat 10 
Other 5 


Probable 
Trend in 
Technologies to Electric 
Improve Efficiency? Intensity 
Efficient motors Down 
Adjustable speed drives 
Cogeneration 
Improved cell efficiency Down 
Chloride process 
Membrane separation 
Electrochemical synthesis 
Plasma applications Up 
Electroslag casting 
Heating with: laser, electron beam, 
infrared, microwave. 
Ultraviolet curing 
Robotics Down 


Improved space heating/ cooling 


‘As of 1983. ?Technologies likely to be widel 


source: Adam Kahane and Ray Squitieri, 


i y employed by 2000. 
Electricity Use in Manufacturing,” in Annual Reviews Inc., 


Annual Review of Energy, Vol. 12 (Palo Alto, Calif.: in press). 
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Production of chemicals is now the 
largest use of industrial energy in many 
countries, accounting for 22 percent in 
the United States. Improved processing 
techniques and heat recovery devices 
helped reduce the energy intensity of the 
U.S. chemical industry by 34 percent be- 
tween 1972 and 1985. The cement in- 
dustry is also a major and growing en- 
ergy user. Efficiency improvements are 
under way, however, most notably the 
introduction of a dry production process 
that cuts energy requirements greatly.°% 

The steel industry, once a worldwide 
symbol of industrialization, has declined 
in importance but remains a significant 
user of energy. As total steel use has 
fallen, the industry has shut down its 
older, less efficient plants. In industrial 
countries, traditional open-hearth fur- 
naces have largely been replaced by 
more-efficient basic oxygen furnaces and 
electric arc furnaces that recycle scrap 
steel and cut energy needs by half. The 
energy appetites of existing steel plants 
are being trimmed via the use of contin- 
uous casting, in which steel is formed 
directly into the desired shape, reducing 
waste.54 

One of the greatest opportunities to 
improve industrial energy efficiency lies 
in cogeneration—the combined produc- 
tion of heat and electricity. By installing 
a small boiler and electric generator 
within a plant, the waste heat of electric- 
ity generation is available for industrial 
processes rather than lost, as in conven- 
tional power plants. Such systems are 
hardly new; they were widely used early 
in the century, but most were abandoned 
in the rush to build central power plants. 
In the United States, cogeneration 
reached a low of 10,476 megawatts in 
1979; in Europe, it is still widely used in 
urban district heating sysvems. Since 
1972, Denmark has encouraged cogen- 
eration in all new power plants.55 

Industrial cogeneration has grown €x- 
plosively in the United States due to the 
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Public Utility Regulatory Policies Act of 
1978, which allows industry to sell 
power to utilities at a fair market price. 
As of 1985, total U.S. cogeneration had 
reached about 13,000 megawatts, but 
that number will grow rapidly in the next 
few years, as hundreds of new facilities 
are finished. Projects that would yield 
more than 47,000 megawatts of cogen- 
eration—with as much generating capac- 
ity as 47 large nuclear plants and a mar- 
ket value over $40 billion—were 
registered with the Federal Energy 
Regulatory Commission as of October 1, 
1987.56 

In 1987 alone, about 13,000 mega- 
watts of projects were registered. The 
cogeneration industry now includes 
most of the engineering and manufac- 
turing firms that once served the utility 
industry, and is also well established fi- 
nancially, with extensive ties to the coun- 
try’s leading banks and institutional 
investors. Cogeneration projects range 
in size from 300,000-kilowatt facilities 
that serve petrochemical plants, to 20- 
kilowatt units in fast-food restaurants 
and apartment complexes. Manufactur- 
ers soon plan to make systems as small as 
3-5 kilowatts, suitable for residential 
use. Some of the largest users include 
the oil industry, which taps such systems 
to produce steam for enhanced oil re- 
covery; the chemical industry; which can 
use petroleum by-products as fuel; the 
food processing industry, which has 
large heat requirements; and the pulp 
and paper industry, which burns wood 
wastes.>7 

In the early eighties, conventional wis- 
dom held that cogeneration would never 
make more than a small dent in central- 
ized electric power systems. Today, how- 
ever, as technologies advance, the po- 
tential uses for cogeneration have 
broadened to include a range of com- 
mercial and industrial facilities such as 
hospitals and hotels. Applied Energy 
Services, a cogeneration company, esti- 
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mates that the U.S. market by the year 
2000 could surpass that for nuclear 
power, reaching 100,000 megawatts— 
15 percent of the U.S power supply. The 
long-run potential is even greater.58 


Industry as a whole is on a path to 
substantially decreased energy and 
materials intensity. 


Cogeneration could have some prob- 
lems, however, including the fact that 
about half the new U.S. projects rely on 
natural gas, a fuel that will probably not 
remain as inexpensive as it is today. Coal 
accounts for another 30 percent of 
planned U.S. cogeneration, which will 
tend to add to the problem of carbon 
dioxide buildup in the atmosphere. It is 
important to note, however, that many 
of the cogeneration projects will dis- 
place less-efficient central power plants 
fired by gas and coal. Industries that 
were once burning gas for process heat 
may now be using only slightly more gas 
and meeting all their electricity needs as 
well. Studies have shown that by using 
cogeneration, many factories can raise 
total plant energy efficiency from 50-70 
percent to 70-90 percent. Nonetheless, 
with the rapid growth in cogeneration, 
its effect on total fuel requirements and 
on air pollutants and carbon dioxide 
needs careful consideration before 
major commitments are made.59 

Industry as a whole is on a path to 
substantially decreased energy and 
materials intensity, rendering past pro- 
jections obsolete. The world’s largest 
economies appear to be in the midst of 
a structural shift away from the process- 
ing of basic materials, a shift that is 
caused only in small part by higher en- 
ergy prices. Growing affluence, satura- 
tion of the market for energy-intensive 
materials, and the emergence of new 
high-technology products are helping to 
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usher in this new era. On balance, most 
industrial market countries are unlikely 
to use as much industrial energy in the 
year 2000 as they did a quarter-century 
earlier.®° 

Although this is good news for the 
global environment, and for the econo- 
mies of many nations, these benefits 
could well be offset by growing energy 
requirements in developing and cen- 
trally planned countries. Many Third 
World industries suffer from a damaging 
combination of subsidized energy 
prices, limited access to energy-efficient 
technologies, and poor management. All 
these can be overcome with policy 
changes, and can be sped with interna- 
tional technical assistance, but obstacles 
will prove insurmountable without a new 
commitment to energy efficiency. 

Programs to improve the efficiency of 
basic industries in countries such as 
Kenya and South Korea have been quite 
successful, indicating the potential. 
Studies in India have found that efh- 
ciency can be improved in existing in- 
dustries by 15-30 percent, largely by 
using simple “housekeeping” measures. 
Beyond such low-cost efforts, the rapid 
growth of industry in developing nations 
provides an opportunity for enormous 
strides in energy efficiency.®! 

As many of the world’s energy-inten- 
sive basic materials industries shift to the 
Third World, it is essential that the fron- 
tier of technical innovation shift with 
them. Indeed, enhanced efficiency is es- 
sential for success in the tightening in- 
ternational competition that most Third 
World industries face. 


THE Limits To ENERGY 
GROWTH 


The postwar era is commonly described 
as the age of oil. Petroleum fueled the 


Raising Energy Efficiency 


engines of industrialization, and helped 
raise living standards around the globe. 
By similar logic, the current era is the 
age of energy efficiency. Since 1973, the 
world has saved far more energy than it 
has gained from all new sources of sup- 
ply combined. The energy savings of the 
industrial market economies since 1973 
exceed the combined energy use of 
Africa, Latin America, and South Asia. 
Efficiency made it possible for the world 
to climb out of the severe 1981-82 reces- 
sion, and led to a 75-percent decline in 
the real price of oil between 1981 and 
1986.52 

The Club of Rome’s 1972 warning 
that the world would run out of fuels and 
raw materials appears contradicted by 
the fact that the world today faces a glut 
rather than a shortage of fossil fuels. But 
that glut is itself a product of temporary 
shortages and soaring prices. Since the 
early seventies, the world has encoun- 
tered a series of limits to growth and has 
so far shown remarkable adaptability, 
thanks to dramatic price increases not 
anticipated by the Club of Rome. But the 
global environmental limits now emerg- 
ing may turn out to be the most stringent 
and dangerous of all, sorely testing the 
resolve of policymakers and citizens.®% 

Investment in energy efficiency is the 
most effective response to those limits, 
for it simultaneously leads to lowered oil 
dependence, reduced air pollution, and 
climate protection. Doubling the fuel 
efficiency of a typical European car, to 50 
miles per gallon, lowers its annual fuel 
bill by almost $400; generally cuts emis- 
sions of nitrogen oxides, hydrocarbons, 
and carbon monoxide; and reduces car- 
bon emissions by half, or 450 kilograms 
annually. A similar improvement for the 
world as a whole would cut carbon emis- 
sions by almost 200 million tons annu- 
ally, a substantial contribution to climate 
protection.®4 

In 1986, oil imports in many countries 
rose for the first time in almost a dec- 
ade—by more than 1 million barrels per 
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day in the United States alone. If current 
trends continue, the United States will 
be importing more oil than ever by the 
mid-nineties. Meanwhile, the concentra- 
tion of remaining petroleum reserves in 
the Persian Gulf grows ever more pro- 
nounced. By the late nineties, the United 
States and the United Kingdom are 
likely to be minor oil producers; a half- 
dozen Persian Gulf countries with at 
least 80 years’ worth of remaining re- 
serves will be in the driver's seat.®° 

These growing imbalances in the 
world oil market jeopardize the energy 
security of importing nations and the 
collective security of the world commu- 
nity. If Middle Eastern oil production 
reaches 80 percent of capacity—as it did 
in 1973 and 1979—it will take only a 
minor political or military conflict to 
send prices soaring. The increases that 
follow could well exceed those of the 
seventies. With world consumption now 
rising about | percent annually and pro- 
duction plummeting in the United 
States, the danger zone is likely to be 
reached in the mid-nineties.®° 

The only realistic means of avoiding 
another oil crunch in the nineties is to 
invest heavily in energy efficiency— 
largely in transportation. The potential 
of increased energy efficiency to reduce 
oil imports is demonstrated by the fact 
that efficiency largely caused the oil glut 
of the mid-eighties. One change alone— 
the increase in the average fuel efficiency 
of American automobiles from 13.1 
MPG in 1973 to 17.9 MPG in 1985—cut 
U.S. gasoline consumption by 20 billion 
gallons per year, lowering oil imports by 
1.3 million barrels per day, two thirds of 
the peak production from the rich oil 
fields of Alaska.67 

Petroleum geologists agree that the 
United States is unlikely to find another 
oil field as large as Prudhoe Bay's, but 
the country could save another 1.9 mil- 
lion barrels per day by the year 2000 by 
raising new-automobile fuel efficiency to 
45 MPG in 1995, according toa study by 
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Deborah Bleviss of the International In- 
stitute for Energy Conservation. This 
may be impractical, but most countries 
should strive for a minimum 1 MPG an- 
nual improvement in the fuel economy 
of new cars.®8 

After a decade of control efforts, air 
pollution remains a growing problem in 
most cities, and one that improved effi- 
ciency can help solve. Improved effi- 
ciency has the potential to reduce emis- 
sions of most dangerous pollutants, 
though this depends to some degree on 
the technologies employed. A 1987 
study by the American Council for an 
Energy-Efficient Economy concluded 
that increased energy efficiency could 
cut electricity consumption in the Mid- 
west by 15-25 percent, making it possi- 
ble to reduce use of the region’s dirtiest 
coal-fired power plants and so reduce 
acid rain. Because the efficiency savings 
are economical in their own right, the 
funds saved can be used to invest in ad- 
ditional pollution controls.69 

Climate change looms as the ultimate 
environmental threat. Its impact would 
be global and, for all practical purposes, 
irreversible. As indicated in Chapter 2, 
improving worldwide efficiency by 2 per- 
cent annually would keep the world’s 
temperature within 1 degree Celsius of 
current levels, avoiding the most catas- 
trophic climatic effects. 

Improving energy efficiency by 2 per- 
cent per year for several decades is chal- 
lenging but probably feasible. Over 50 
years ıt would reduce global energy in- 
tensity by almost two thirds. Some in- 
dustrial market countries have been 
achieving this mark in the past 15 years. 
Sustaining this pace through decades of 
changing conditions and at times when 
fuel prices are not rising will be a difficult 
task however, requiring major institu- 
tional changes of the sort described in 
Chapter 2. Fortunately, many of the 
needed technologies are already in 
place, and some countries are showing 
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the way. Buildings worldwide must be- 
come as efficient as Sweden’s and indus- 
try must become as efficient as Japan’s. 
Automobiles must become as efficient as 
the best prototype models now found in 
the engineering facilities of Europe and 
Japan. 

Priorities in energy efficiency vary 
among countries. Industry is the top pri- 
ority in the Third World and centrally 
planned nations since it is the largest en- 
ergy user and is a key determinant of 
both environmental quality and eco- 
nomic competitiveness. In industrial 
countries, this sector probably needs 
less government attention than others. 

Transportation efficiency is crucial for 
most countries. Improved automobile 
fuel economy could be accomplished 
with a package of consumer incentives 
for the purchase of more-efficient cars, 
fuel efficiency standards, industry R&D 
programs, and fuel taxes. Automobile 
fuel efficiencies will eventually reach 
some practical limits, at which point it 
will be important to have developed eco- 
nomical alternative fuels, such as 
ethanol, and be well on the way to more- 
efficiently designed communities that 
rely on human power and mass transit. 

Buildings are the most wasteful en- 
ergy users in industrial countries, and 
deserve the greatest attention from gov- 
ernment programs. Improvements al- 
ready made in these nations’ buildings 
Spare the atmosphere 225 million tons 
of carbon emissions annually, but heat- 
ing, cooling, and lighting those build- 
ings still pumps out over 900 million 
tons each year—17 percent of world car- 
bon emissions from fossil fuels. Whereas 
the energy requirements of automobiles 
and industry could be halved with avail- 
able technologies, building energy re- 
quirements can be reduced by 75 per- 
cent or more when new buildings are 
constructed. To sustain that 2-percent 
annual rate of improvement over the 
long run, building efficiency will have to 
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compensate for diminishing returns in 
industry and transportation.” 

The investments required to sustain a 
2-percent rate of improvement in energy 
efficiency in the next decade or two are 
justified on purely economic grounds, 
but steps must be taken to make energy 
markets work much more effectively. 
The world has achieved over $300 bil- 
lion worth of annual energy savings 
since 1973, mostly as a result of private 
investment decisions. Each additional 2 
percent of savings will reduce bills by 
about $20 billion annually, at an incre- 
mental cost of $5-10 billion.7! 

In market economies, improved effi- 
ciency falls primarily to the private sec- 
tor, which pays for the big-ticket items 
such as home weatherization and the 
modernization of industrial equipment. 
The world is now spending roughly 
$20-30 billion annually on improved 
efficiency, down somewhat from the 
peak of the early eighties. If govern- 
ments were to create more incentives to 
invest in efficiency, this figure could pro- 
ductively be tripled by 2000. Govern- 
ment efficiency research, development, 
and demonstration programs in the in- 
dustrial market economies absorb about 
$600 million annually.” Government 
R&D spending in these areas could also 
be tripled in most countries. 

The United States and the Soviet 
Union will have to take leadership roles 
if the interrelated problems of energy 
efficiency and climate change are to be 
taken seriously. The United States is the 
world’s largest energy consumer, and 
led other nations into the profligate en- 
ergy practices of the postwar period. 
The Soviet Union is the least energy- 
efficient major industrial country, and its 
claim on global energy resources is 
among the fastest growing. Together the 
two countries account for 42 percent of 
the carbon now entering the atmosphere 
from fossil fuel use. A joint commitment 
to improved energy efficiency by the su- 
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perpowers would make a major contri- 
bution to climate protection, and might 
help mobilize action around the world.78 

There are some indications that the 
Soviet Union may soon make improved 
energy efficiency a national priority. 
Senior officials have gone on record as 
saying that efficiency gains will be essen- 
tial if perestroika (economic restructur- 
ing) is to be a success. Already, meetings 
have taken place with energy efficiency 
experts in the West, including represen- 
tatives of the Rocky Mountain Institute 
and the U.S. National Academy of 
Sciences. Yevgeny Velikhov, vice presi- 
dent of the Soviet Academy of Sciences 
and an advisor to General Secretary 
Gorbachev, appears to have put his per- 
sonal authority behind these new ef- 
forts.74 
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Buildings worldwide must become 
as efficient as Sweden’s and indus- 
try must become as efficient as 
Japan’s. 
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The Third World is also critical to any 
long-term energy scenario. Indeed, one 
of the most troubling features of most of 
the forecasts now in use is the assump- 
tion that today’s industrial countries will 
continue to use a disproportionately 
large share of the world’s energy, de- 
spite the fact that developing countries 
will soon have three quarters of the 
world’s population. A 1981 study by the 
International Institute for Applied Sys- 
tems Analysis was ostensibly attuned to 
global equity issues, yet it still assumed » 
the Third World would use just 36 per- 
cent of the global energy supply in the 
year 2020.75 i : 

Such scenarios imply that while Third 
World energy use grows, per capita en- 
ergy use will stagnate, presumably mak- 
ing it impossible for most developing 
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countries to follow the modernization 
path taken by the newly industrializing 
nations in recent years, Although con- 
sistent with recent experience—many 
developing nations are burdened with 
unmanageable foreign debt and have 
been priced out of the oil market—it is a 
morally intolerable vision, inconsistent 
with the articulated goals of the interna- 
tional community. Poverty-induced con- 
servation is not conservation at all. It is 
just plain poverty. 

One of the greatest challenges will be 
to meet the energy needs of the poor 
without repeating the mistakes of the 
rich. Only rapid advances in energy ef- 
ficiency and a decentralized, agricultur- 
ally based development path can allow 
the Third World to fuel improved living 
standards with limited energy supplies. 
In the poorer countries of Africa and 
Latin America, the rapid onset of an en- 

' ergy efficiency revolution is critical. 
Some Asian countries, including China, 
with the world’s largest coal reserves, 
have sufficient fossil fuels to last for 
many decades but face a critical environ- 
mental choice. Using energy efficiency to 
displace coal may be essential to protect- 
ing human health as well as the climate. 


ee 


One of the greatest challenges will 
be to meet the energy needs of the 
poor without repeating the mis- 
takes of the rich. 
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_ A global energy study developed by an 
international team and published by the 
World Resources Institute in Washing- 
ton, D.C., points up both the challenge 
and the promise of increased energy ef- 
ficiency in the Third World. (See Table 
3-6.) It concludes that the world energy 
supply in the year 2020 can hover just 
above the current level if energy effi- 
ciency is used both to halve per capita 
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Table 3-6. World Energy Consumption, 
by Region, 1980, With Scenarios for 2020 


2020! 
Region 1980 WRI IIASA 
(terawatts) 

Developing 3.3 7.4 9.2 

Countries 
Industrial 7.0 3.8 14.6 

Countries 

World 10.3 11.2 23.8 


"Scenarios developed by the World Resources 
Institute and the International Institute for Ap- 
plied Systems Analysis; mid-range figures are 
given for IASA. 

SOURCE: José Goldemberg et al., Energy for a Sus- 
tainable World (Washington, D.C.: World Re- 
sources Institute, 1987). 


energy use in industrial countries and to 
keep Third World per capita energy use 
steady while boosting living standards to 
European levels today. Some of the most 
dramatic improvements in Third World 
efficiency are projected for rural areas, 
as fuelwood cooking systems are re- 
placed by more-efficient devices run on 
renewable fuels. (See Chapter 5.)76 
This scenario is consistent with the 
goal of improving energy efficiency by 2 
percent annually, would make a serious 
dent in global equity problems, and 
makes it possible to avoid the worst 
consequences of a global warming. But 
such scenarios are far easier to model on 
computers than to achieve in practice. If 
the story is to have a happy ending, 
Third World and industrial countries 
alike will have to overcome numerous 
political obstacles and begin ambitious 
efforts to improve energy efficiency. 
To achieve its full potential, energy 
efficiency must emerge from the obscure 
corners of Energy Ministries. It must rise 
to the top of agendas throughout both 
government and industry. The very term 
energy efficiency must be transformed 
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from a watchword of specialists to a cen- 
terpiece of national—and interna- 
tional—economic philosophy. Energy 
efficiency is an essential ingredient of 
economic and ecological progress; its 
status should be charted as closely as 
productivity or inflation. The Commis- 
sion of the European Communities has 
suggested the need for such a commit- 
ment. At a 1986 meeting, national en- 
ergy ministers agreed to an ambitious 
target of a 20-percent improvement in 
energy efficiency by 1995.77 

Energy efficiency improvements are 
by nature fragmented and unglamorous: 


(61) 


Thicker insulation and ceramic auto 
parts are not perhaps as intrinsically cap- 
tivating as nuclear fusion or orbiting 
solar collectors. But infatuation with 
grandiose energy supply options got us 
into our current predicament; focusing 
on the mundane may be the only way to 
get out. Indeed, perhaps no other en- 
deavor is as central to the goal of foster- 
ing sustainable societies. Without im- 
proved efficiency it is only a question of 
which will collapse first: the global econ- 
omy or its ecological support systems. 
With greater energy efficiency, we stand 
at least a fighting chance. 


Be. cial 


Shifting to 
Renewable Energy 


Cynthia Pollock Shea 


When faced with a severe wood shortage 
due to overcutting, the ancient Greeks 
began to design their homes and cities 
so as to take advantage of the sun’s abil- 
ity to warm buildings in winter and cool 
them in summer. Through the ages 
many civilizations have learned to tap 
the multiple processes set in motion by 
the sun to garner useful energy. Uneven 
heating of the earth’s surface produces 
wind, yesterday’s winds are today’s 
waves, and a season’s worth of solar en- 
ergy is trapped in plants whose residues 
can be burned as fuel. 

Despite this knowledge, almost 15 
years after the Arab oil embargo first 
wreaked havoc on the world’s econo- 
mies, efforts to tap the planet's myriad 
sources of renewable energy have met 
with mixed success. The 1986 oil price 
collapse further set back many renew- 
ables programs. If renewables are to 
offer a timely alternative to dwindling oil 
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An expanded version of this chapter appeared as 
Worldwatch Paper 81, Renewable Energy: Today's 
Contribution, Tomorrow's Promise. 


supplies and to environmentally damag- 
ing coal combustion, policy support and 
financial backing need to be strength- 
ened—now. 

Renewables already provide about 21 
percent of the energy consumed world- 
wide, of which 15 percent is biomass and 
6 percent is hydropower. The distribu- 
tion of this use is uneven: Some of the 
poorest developing countries derive 
more than 75 percent of their energy 
from biomass; others, well-endowed 
with water resources, obtain most of 
their electricity from hydro projects. 
Brazil, Israel, Japan, the Philippines, and 
Sweden are well on their way toward 
major reliance on renewable energy 
sources. In other countries, efforts on 
renewables ebb and flow with the politi- 
cal tide.! 

An energy source is renewable if, with 
Proper management, its sustained use 
will not permanently deplete supplies. 
Wind, sunlight, flowing water, plants, 
and forests are examples of seemingly 
perpetual energy sources. Unfortu- 
nately, the literature is replete with 
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failed projects that exceeded the renew- 
able capacity of natural systems. An early 
calculation of environmental limits is 
thus an essential component of any re- 
newable energy project. 

Current uses of these energy sources 
range from small turbogenerators in 
free-flowing rivers, to boilers heated by 
agricultural residues, to computer-con- 
trolled solar concentrating systems that 
produce temperatures well over 3,000 
degrees Celsius. For many applications, 
especially in remote areas and in devel- 
oping countries with limited infrastruc- 
ture, the simpler the technology the bet- 
ter. Simple does not, however, equate 
with inefficient, which has often been the 
case in the past. Some of the most excit- 
ing developments are technical advances 
that incorporate-new ideas to make more 
energy for less money. 


Half of all developing countries 
rely on imported oil for more than 
75 percent of their commercial en- 
ergy needs. 


Despite erratic political and financial 
support, renewable sources of energy 
have made remarkable strides during the 
past decade and are well positioned to 
complement energy efficiency programs 
as the world moves beyond oil during 
the nineties. (See Chapter 2.) Invest- 
ments in renewable energy technologies 
total some $30 billion annually. Two 
thirds is spent on hydroelectric projects 
financed by leading banks. Some sec- 
tors—small hydropower, geothermal en- 
ergy, and biomass combustion—are 
growing rapidly. Others, such as the 
wind turbine and solar thermal equip- 
ment industries, are going through a 
difficult shakeout period during which 
marginal companies will fold. Major 
redirection of government policy is 
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needed to prepare countries for the 
growth spurt that is sure to accompany 
the next upward climb on the oil-price 
roller coaster.? 


HARNESSING WATER’S 
POWER 


Developments in hydropower are taking 
place at the two extremes of project size. 
In 1986, Venezuela completed the Guri 
dam, the largest in the world. With a 
10,000-megawatt generating capacity, it 
can produce as much electricity as 10 
large nuclear power plants. Brazil is in 
the process of building a hydroelectric 
plant with 20 percent more capacity than 
the Guri, and China is contemplating an 
even larger one. At the same time, many 
countries, particularly in the Third 
World, are installing generators thou- 
sands of times smaller on remote rivers 
and streams. (A generating plant is usu- 
ally classified as “small” if it has a capac- 
ity of 15 megawatts or less.) The electric- 
ity is used to power isolated, sparsely 
populated communities and agricultural 
processing plants far from electric utility 
power lines.? 

Before oil prices soared, nuclear eco- 
nomics soured, and the environmental 
constraints of coal burning became ap- 
parent, Third World governments were 
relatively content to import technologies 
and fuels from abroad. Half of all devel- 
oping countries rely on imported oil for 
more than 75 percent of their commer- 
cial energy needs. But as the share of 
export earnings used to buy oil and 
repay foreign debts skyrocketed, interest 
in less expensive, domestic energy re- 
sources grew.* ; 

Most hydro plants larger than 1,000 
megawatts that are under construction or 
planned are located in developing coun- 
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tries or in remote areas of industrial na- 
tions. Industrial countries have already 
tapped their most promising hydro 
sites—areas with a steep, narrow gorge 
through which water can fall—and those 
locations that remain have generally 
been set aside as parkland or effectively 
excluded from consideration because of 
their natural beauty. Whereas North 
America and Europe had developed 59 
and 36 percent of their hydropower po- 
tential, respectively, by 1980, Asia had 
harnessed just 9 percent, Latin America 8 
percent, and Africa 5 percent.> 

Brazil and China have the largest and 
most ambitious programs. China alone 
has 15,000 megawatts of large hydro 
projects under construction and plans to 
complete twice that much by the turn of 
the century. Brazil nearly tripled its hy- 
droelectric generating capacity by add- 
ing 21,535 megawatts between 1973 and 
1983; projects to tap the vast potential 
that remains are moving forward. New 
sites are farther from population centers 
and would thus incur higher transmis- 
sion costs, but enthusiasm still runs high 
in some quarters.6 

Yet many who have studied hydro- 
power developments in Brazil claim that 
the construction program has developed 
a life of its own and that more rivers are 
being dammed than necessary. Part of 
the legacy of the military government, 
many dams now under construction 
would not be approved under today’s 
stricter environmental regulations. The 
Balbina, for example, was ordered more 
than a decade ago, is not yet Operational, 
and will flood an area of 1,554 square 
kilometers—half the size of Long Island 
and as much as required at another Bra- 
zilian dam (Tucurui) that produces 15 
tumes as much power.7 

These monster dams constitute some 
of the largest engineering projects in the 
world. The 12,600-megawatt Itaipu dam 
in Brazil is five miles long, and half as 
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high as the Empire State Building. 
World Bank projections indicate that 
223,560 megawatts of large hydro capac- 
ity will be added in developing countries 
between 1981 and 1995, more than half 
of it in Brazil, China, and India. This is 
equivalent to 225 large nuclear plants, 
or 82 percent of the world’s nuclear ca- 
pacity in 1986. Thirteen developing 
countries installed more than 40,000 
megawatts of hydroelectric power be- 
tween 1980 and 1985. (See Table 4-1.) 
But future growth is not likely to be as 
robust as anticipated because of the 
Third World debt crisis and the conse- 
quent shortage of investment capital.8 

In the United States, which has the 
largest installed hydroelectric capacity, 
nota single new large dam was approved 
to receive federal funding between 1976 
and 1986. For dams that receive federal 
dollars after 1986, local governments 
are having to put up half the money, a 
requirement that likely will cause many 
projects to be canceled and others to be 
reduced in size. After 85 years of build- 
ing massive water projects in the western 
United States, the U.S. Bureau of Recla- 
mation announced in 1987 that its man- 
date to tap new water supplies had virtu- 
ally expired and that the agency would 
halve its work force over the next dec- 
ade.9 

Any large new supplies of hydroelec- 
tric power in the United States are likely 
to be imported from Canada. In 1986, 
transborder sales amounted to 12.7 bil- 
lion kilowatt-hours, about 0.5 percent of 
U.S. electricity use. During the nineties, 
New Englanders may receive 7 percent 
of their electricity from Quebec, for a 
price of about $3 billion. Offers to sell 
additional hydroelectric power and to 
build new dams dedicated in part to ex- 
porting power have been made by Brit- 
ish Columbia, Quebec, and Manitoba. 
The transactions hold special appeal to 
northeastern states with high electricity 
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Table 4-1. Thirteen Largest Additions to Hydroelectric Capacity 
in Developing Countries, 1980-85 
Operating Capacity 
Country 1980 1985 Increase 
(megawatts) 

Brazil 27,267 42,762 15,495 
China 20,318 25,788 5,470 
Colombia 2,908 5,939 3,031 
Romania 3,414 5,914 2,500 
India 11,794 14,211 2,417 
Mexico 6,491 8,626 2,135 
Yugoslavia 6,115 7,841 1,726 
Vietnam 330 1,800 1,470 
Turkey 2,131 3,575 1,444 
Pakistan 1,800 3,200 1,400 
Zaire 1,077 2,477 1,400 
Philippines 940 2,195 1,255 
Nigeria 760 1,900 1,140 

Total 85,345 126,228 40,883 
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prices and expensive nuclear plants.!° 
‘Huge dams can make substantial con- 
tributions to economic development in 
electricity-short developing countries, 
but as in any large electricity generating 
option there are trade-offs. Reservoirs 
inundate forests, farmland, and wildlife 
habitat and uproot entire communities 
of indigenous peoples. If China pro- 
ceeds with its Three Gorges project— 
the world’s largest at 13,000 mega- 
watts—several million people will be 
displaced. An additional million people 
will be forced from their homes in cen- 
tral India if a project to build 3,000 dams 
in the Narmada Valley is pursued.!! 
Impounding a river radically changes 
the surrounding ecosystem. Nutrient- 
bearing sediments, instead of being 
deposited on agricultural floodplains 
and providing food for downstream fish, 


accumulate behind turbines and dimin- 
ish the capacity of reservoirs. Hydroelec- 
tric dams may also change the tempera- 
ture and oxygen content of downstream 
waters, altering the mix of aquatic and 
riparian species. The use of ever higher 
dams—113 will exceed 150 meters by 
1990—and the increased prevalence of 
seismic activity near reservoirs are lead- 
ing many to believe that the combination 
of increased water pressure and unstable 
geological formations will result in more 
frequent and severe earthquakes. In 
tropical environments, reservoirs also 
expand the breeding grounds for the 
carriers of malaria, schistosomiasis, and 
river blindness.!? 

The reservoirs behind many large 
dams, especially those downstream from 
deforested watersheds, have silted up 
much faster than anticipated, substan- 
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tially shortening the working life of proj- 
ects, sometimes by decades, and altering 
their economics. (See Chapter 5 for fur- 
ther discussion of reservoir siltation.) In 
Colombia, an innovative program to 
transfer financial resources from the 
lowland beneficiaries of hydropower de- 
velopment to upland farmers is under 
way. A sales tax on electric power from 
major hydroelectric plants has been au- 
thorized to help stabilize upland water- 
sheds through soil conservation and 
reforestation.!3 


Of 100 developing countries, 31 
more than doubled their hydroelec- 
tric capacity between 1980 and 
1985. 


On a smaller scale, hydropower gen- 
eration not connected to a central grid 
totaled nearly 10,000 megawatts world- 
wide in 1983. Most of these projects 
were in developing countries, but West 
Germany alone had 3,000 small units in 
operation. Frost & Sullivan, a market re- 
search firm, predicts that decentralized 
hydropower in stand-alone systems will 
generate 36,000 megawatts by 1991.14 
_ A World Bank survey of 100 develop- 
ing countries found that 31 had more 
than doubled their hydroelectric capac- 
ity between 1980 and 1985. At least 28 
of these have small-hydropower pro- 
grams. In Burundi, Costa Rica, 
Guatemala, Guinea, Madagascar, Nepal, 
Papua New Guinea, and Peru, small-hy- 
dropower potential exceeds total in- 
stalled generating capacity from all 
sources in 1984. China leads the world 
in this field, with some 90,000 turbines 
supplying electricity to rural areas. 15 

Industrial countries are also Starting to 
realize the contribution that small hydro 
projects can make. By 1985, private en- 
trepreneurs in the United States had 
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brought almost 1,000 megawatts of small 
hydropower on-line and electric utilities 
had installed more than twice that 
amount. Almost 60 percent of the total 
3,200 megawatts came on-line during the 
eighties. Elsewhere, small dams that had 
fallen into disrepair are also being re- 
furbished. Poland has begun to rehabili- 
tate 640 small dams and in the Canadian 
province of Ontario, 570 formerly devel- 
oped sites have been identified.'6 

As the manufacturers of turbine tech- 
nology are found primarily in Europe 
and North America, hydro development 
in the Third World is often dependent 
on foreign equipment suppliers. These 
projects are capital-intensive, and for- 
eign currency requirements mount ra- 
pidly. Limiting the tendency to overen- 
gineer projects can save several 
thousand dollars per kilowatt. To this 
end, China, Colombia, India, Indonesia, 
Nepai, Pakistan, and Thailand have all 
developed the capability to manufacture 
small turbines domestically. China also 
exports these turbogenerators to both 
industrial and developing countries.!7 

To operate well for many decades, 
hydro projects require sound manage- 
ment not just of equipment but of entire 
watersheds. Fragmented institutional 
Structures impede enlightened manage- 
ment because each function of a water- 
shed belongs to a different agency. As 
Brandeis University Professor Donald 
Worster writes in Wilderness magazine, 
“everybody wants a piece of [rivers], 
wants to siphon them off, dump wastes 
in them, drink from them, or move 
barges along them, but no one has ever 
been given overall charge of protecting 
their renewability.”18 Hydroelectric 
power will not be truly renewable until 
the functions of flood control, irrigation, 
transportation, power production, tree 
planting, fisheries management, and 
sanitation are coordinated with the goal 
of maintaining healthy and productive 
rivers. 
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New USES FOR BIOMASS 


Biomass, derived directly or indirectly 
from plant photosynthesis, is a versatile 
fuel source capable of providing high- 
quality gaseous, liquid, and solid fuels as 
well as electricity. Primary sources in- 
clude forestry and wood processing resi- 
dues, crop residues and animal wastes, 
and energy crops. Though less than 1 
percent of annual biomass growth is 
tapped for energy, it provides 15 percent 
of the energy used worldwide.'® 

An important distinction to make 
when assessing biomass-based systems 
is whether the process converts wastes 
and residues into fuel, which increases 
the efficiency of existing economic activ- 
ity, or whether it instead requires the 
cultivation of biomass specifically for en- 
ergy, which requires all the inputs of an 
agricultural or silvicultural production 
system. 

Wood is the most widely used biomass 
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energy source, with over half the wood 
cut each year being burned to produce 
energy. According to U.N. statistics, the 
world’s largest fuelwood producers, in 
order, are India, Brazil, China, In- 
donesia, the United States, and Nig- 
eria.?° 

Available energy potential from forest 
and timber industry residues was found 
by the International Energy Agency 
(IEA) to be highest in the United States. 
(See Table 4-2.) With proper manage- 
ment, a good number of countries can 
expand their fuelwood use without de- 
pleting natural forests. On average, 
about 25 percent of the wood entering 
the timber industry is available for con- 
version to energy.?! 

Many developing countries, on the 
other hand, are experiencing a severe 
wood shortage. In some regions, most 
notably sub-Saharan Africa, three quar- 
ters of harvested wood is burned, often 
inefficiently, for cooking. Unprece- 


Table 4-2. Available and Recoverable Energy Potential from Agricultural, Forestry, and 
Timber Industry Residues, Selected Countries, 1979 


Available 
Potential S 
b Share 
pomy Recoverable Potential of Total 
and Timber Crop Animal Energy 
Country Industry Residues Wastes Total Requirements 
(million tons of oil equivalent) (percent) 
Turkey 5.9 5.4 1.5 12.8 41.7 
Finland 8.6 0.4 0.2 9.2 36.8 
Sweden 10.4 0.8 0.2 11.4 22.8 
Canada 32.1 2.3 1.8 36.2 16.8 
Austria 2.8 0.4 0.3 3.5 14.0 
Spain 2.4 4.1 0.6 71 10.0 
France 6.1 5.2 2.4 13.7 7.2 
United States 68.5 20.2 5.0 93.7 5.2 
West Germany 6.2 2.2 1.6 10.0 3.7 
Japan 6.7 0.4 1.2 8.3 2.1 


SOURCE: International Energy Agency, Renewable Sources of Energy (Paris: Organisation for Economic Co- 


Operation and Development, 1987). 
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dented and unsustainable rates of forest 
clearing to provide agricultural and 
grazing land, timber supplies, and fuel 
have left nearly 100 million people suf- 
fering from an acute scarcity of fuel- 
wood, and 1.2 billion more with unsus- 
tainable supplies. (See Chapter 5.) 
Wherever cutting exceeds regrowth, 
wood is no longer a renewable fuel.?? 

In the United States, industrial, com- 
mercial, and utility applications account 
for some two thirds of the wood used for 
energy. The remainder provides 10 per- 
cent of the nation’s residential heating, 
warming 5.6 million homes exclusively 
and 21 million homes partially with 
wood. Almost half of all wood fuel is 
consumed by the pulp and paper indus- 
try, which meets more than 55 percent of 
its own energy needs. The second larg- 
est market is the lumber industry, and 
the fastest-growing sector is the non-for- 
est-products industries. Users include 
electric utilities, industry giants such as 
Dow Corning and Proctor & Gamble, 
and companies formed specifically to 
take advantage of regional wood sup- 
plies by generating electricity and selling 
it to local utilities. (See Table 4-3.)23 

Since 1983, four U.S. utilities have 
built wood-burning power plants each 
able to generate more than 45 mega- 
watts of electricity; their combined out- 
put is enough to supply some 175,000 
homes. According to a study conducted 
by the California Energy Commission, 
wood-fired boilers can be installed for 
about $1,340 per kilowatt, 20 percent 
less than a coal plant costs. Industrial- 
sector fuelwood users are greater in 
number and spread more evenly 
throughout the country. The largest 
market is in California, where almost two 
dozen 10-50 megawatt wood energy 
projects are on-line now and dozens 
more will be shortly. Nationwide, some 
1,500 megawatts of power are already 
available or under construction.24 

The untapped potential for using 
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wood fuels remains great. One assess- 
ment found that each year the state of 
Virginia produces enough sawdust, log- 
ging residue, and unsalable low-quality 
trees to replace 42 percent of the oil and 
gas consumed in its industrial and com- 
mercial sectors. Thus far, little of this 
potential is harnessed, but industrial 
parks, colleges, hospitals, and a variety 
of other enterprises are likely to take the 
plunge once oil prices start creeping up 
again. Fuel costs are likely to remain low, 
especially if the supplier would other- 
wise be faced with mounting waste dis- 
posal charges.?5 

Wood-fired electricity is also being 
tried in smaller generating plants in the 
Third World. In the late seventies, 17 
dendrothermal projects of 3 megawatts 
each were planned throughout the Phil- 
ippines. Local farmers were to supply 
the fuel from leucaena plantations. Al- 
though British and French equipment 
for all 17 was delivered, only 4 plants 
were completed on schedule and just 2 
are said to be operating reliably. The 
overly ambitious project was unable to 
garner sufficient financing, was blocked 
by bureaucratic infighting, and was 
based on excessively optimistic predic- 
tions of wood yields on marginal soils. A 
more modest effort might have suc- 
ceeded.26 

Crop residues and animal wastes are a 
substantial by-product of the food-pro- 
ducing agricultural sector, but diverse 
agricultural policies, marginal energy 
conversion economics, and alternative, 
nonenergy uses make assessing their po- 
tential difficult. An IEA study found that 
using the most energy-efficient pro- 
cesses available in 1979, agricultural 
wastes could contribute between 0.4 and 
8.2 percent of total energy requirements 
in IEA member countries, with the ex- 
ception of Turkey, where the contribu- 
tion could equal 22.5 percent. Denmark, 
Greece, Ireland, Portugal, and Spain 
were considered able to meet at least 5 


Shifting to Renewable Energy (69) 
Table 4-3. United States: Selected Biomass-Fueled Electricity Generating Facilities 


Project Capacity Fuel Source Start-Up 
(megawatts) 
Forest Products Industry! 
Union Camp Corporation 96 pulping waste, peanut shells 1937 
Franklin, VA 
Champion International Corp. 78 pulping waste, bark 1961 
Cantonment, FL 
Manville Forest Products Co. 72 wood and pulping wastes 1961 
West Monroe, LA 
Louisiana Pacific Corp. 26 wood waste 1983 
Antioch, CA 
Electric Utilities 
Northern States Power 72 forest residues? 1983 
Ashland, WI 
Burlington Electric Dept. 50 forest residues 1984 
Burlington, VT 
Eugene Water & Electric Board 46 mill residue 1983 
Weyco Center, OR 
Washington Water & Power 46 mill residues 1983 
Kettle Falls, WA 
Independent Power Producers 
Ultrasystems 27 forest, industry, and ag. residues 1988 
Fresno, CA 
Ultrasystems 27 forest residues 1986 
West Enfield, ME 
Wheelabrator Energy 25 orchard prunings 1989 
Delano, CA 
Alternative Energy Decisions 17 forest and industrial residues 1986 
Bangor, ME 
Nontraditional Producers 
Lihue Plantation 26 bagasse 1980 
Kauai, HI - 
Dow Corning 22 wood chips 1982 
Midland, MI 
Farmers Rice Milling Co. 11 rice husks 1984 
Lake Charles, LA t 
Proctor & Gamble 10 industrial residues, wood chips 1983 


Staten Island, NY 


Be, Staten Island, NYS yg Rai a E EEE eee aang laoai 
_ ‘Predominantly biomass-fueled. Sometimes supplemented with coal or natural gas. *Multifuel capabil- 
‘ity, but has been burning mostly wood since 1983. ; l 

source: Worldwatch Institute, based upon Meridian Corporation, Electric Power From Biofuels: Planned and 
Existing Projecis in the United States (Washington, D.C.: U.S. Department of Energy, 1985), news reports, and 
private communications. 
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percent of their total energy needs from 
crop residues and animal wastes.27 

In the tropical Caribbean, where sugar 
is the major export crop but producers 
face depressed world markets, more ef- 
ficient use of plant residues coupled with 
a switch to already tested fast-growing 
cane varieties that produce more bio- 
mass could significantly augment energy 
supplies. The amount of electricity avail- 
able in Barbados, Cuba, the Dominican 
Republic, Guatemala, Guyana, and Hon- 
duras would increase severalfold. In 
Thailand, another sugar producer, cane 
residues could fuel 300 megawatts of 
electricity generating capacity and 
thereby add 25 percent to the annual 
value of the industry.28 

The Hawaiian sugar industry started 
selling electricity in the late seventies 
and in 1985 supplied 58 percent of the 
power on the island of Kauai and 33 per- 
cent on the island of Hawaii. Sugar com- 
panies have installed at least 150 mega- 
watts of capacity to burn bagasse, the 
residue after juice is extracted, and sell 
almost half of their power to the state’s 
electric utilities. In the face of falling 
sugar prices, Hawaiian millers admit that 
without the revenues from electric 
power sales, their sugar production 
would have declined sharply by now. In 
the continental United States, another 
80 megawatts’ worth of bagasse-fired 
plants are operating in Florida and Loui- 
siana,29 

Researchers at Princeton University 
estimate that globally some 50,000 
megawatts of gas turbine cogeneration 
units could be supported with the 1985 
level of Sugarcane production, based on 
recent advances in gas turbine technol- 
ogy. In the more than 70 developing 
countries that grow sugarcane, commer- 
cial use of gas turbines could provide as 
much electricity as the utilities in these 
nations now generate with oil. The cost 
of generating electricity with gas turbine 
cogeneration units would be lower 
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than for most central-station alterna- 
tives.30 

In most rice-growing developing 
countries, rice husks are the most abun- 
dant crop residue. Every five tons of rice 
milled produces one ton of husks with an 
energy content about the same as wood. 
At some mills, the residue is burned to 
generate mechanical energy and steam, 
but at many it is simply discarded. Using 
gasifiers or combustion systems, this by- 
product can be used to power the mill, 
run irrigation pumps, electrify rural 
areas, or provide electricity to a central 
grid.3! 

Husk-fired steam power plants are op- 
erating in India, Malaysia, the Philip- 
pines, Suriname, Thailand, and the 
United States. A 10.5-megawatt plant in 
the Indian state of Punjab will operate 
year-round and burn 20 tons of rice 
husks per hour. As the world’s second 
largest rice grower, India produces some 
18 million tons of hulls annually, enough 
to justify investment in 500 megawatts of 
husk-fired generating capacity.32 


Marginal land used to produce en- 
ergy may be a boon in one setting, 
but deprive hungry people of land 
and food in another. 


Vast paddy areas in Asia are not yet 
electrified, and mills in these areas de- 
pend on imported diesel engines and 
fuel. The total number of diesel engines 
used in small rice mills in developing 
countries probably exceeds 200,000, 
with almost 60,000 in Indonesia alone. A 
study at the Institute of Technology 
there calculated the country could save 
over $30 million each year by replacing 
relatively low-priced diesel fuel systems 
with newly developed husk gasifiers.39 

Other crop residues that could be 
used more extensively include coconut 
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shells, cotton stalks and ginning waste, 
peanut and other nut hulls, fruit pits, 
coffee and other seed hulls, and various 
sources of straw and fiber. Some food- 
processing plants already use these to 
provide on-site energy supplies, but 
there is vast untapped potential. Care 
must be taken when assessing the viabil- 
ity of these projects to consider the uses 
to which these materials would other- 
wise be put: Robbing the land of vital 
nutrients is counterproductive, whereas 
producing valuable energy from a by- 
product that would otherwise be dis- 
carded or attract pests is eminently sen- 
sible.34 

Two additional sources of biomass in- 
clude food surpluses and plants grown 
specifically to produce energy. The po- 
tential for fast-growing fuel plantations 
varies greatly among countries because 
of different resource endowments and 
sociopolitical systems. Marginal land 
used to produce energy may be a boon 
in one setting, but deprive hungry peo- 
ple of land and food in another. 

The potential energy contribution of 
existing food surpluses is somewhat 
easier to determine, but difficult to ex- 
trapolate because of changing agricul- 
tural policies, market prices, and 
weather patterns. The IEA estimates 
that converting sugar surpluses in the 
European Community to ethanol would 
displace 2 percent of liquid petroleum 
fuels; in the United States, corn sur- 
pluses converted to ethanol could re- 
place 7 percent of the country’s gasoline 
consumption.35 

Brazil and the United States have the 
two largest biomass-based ethanol pro- 
grams in the world. In Brazil, sugarcane 
grown specifically for fuel was converted 
into 10.5 billion liters of ethanol in 1986, 
providing about half the country’s auto- 
motive fuel. Most autos burn a gasoline- 
ethanol mixture that is 20-percent alco- 
hol, but 29 percent of the nation’s 10.6 
million cars run on pure ethanol.3¢ 
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The large alcohol-fuels program com- 
bined with successful offshore oil explo- 
ration has enabled Brazil, the largest 
Third World debtor, to curb its oil im- 
ports dramatically and conserve foreign 
exchange for investment and debt repay- 
ment. The program has created an es- 
timated 475,000 full-time jobs in agri- 
culture and industry, and indirectly 
another 100,000 jobs in commerce, ser- 
vices, and government. Mechanical 
power for cane crushers, electricity for 
on-site needs, and steam for alcohol dis- 
tillation are provided by cogeneration 
units that burn the leftover bagasse.” 

The United States, in contrast, relied 
on surplus corn and other grains for 90 
percent of the 3 billion liters of ethanol 
it produced in 1987. More than 7 per- 
cent of the “gasoline” sold in the coun- 
try was actually gasohol, a 1-to-9 blend. 
In the past, ethanol markets have been 
bolstered by generous tax advantages at 
the state and national levels and by regu- 
lations mandating the reduction of lead 
in gasoline. Ethanol can replace lead as 
an octane enhancer.*® 

Alcohol fuels are now gaining support 
as an air pollution control measure. 
More than 60 U.S. cities did not meet 
federal carbon monoxide and ozone 
standards by the end of 1987. Colorado 
is the first state to require motorists in its 
major cities to use gasohol during the 
winter, when pollution is worst. Officials 
expect carbon monoxide emissions to be 
cut by 12 percent. Federal legislation has 
been introduced that would require 
gasohol use nationally by 1992.39 

Low prices for sugar and other food 
crops, a shortage of foreign exchange, 
and the desire for energy independence 
have prompted at least a dozen other 
countries to launch alcohol-fuels pro- 
grams. Except for Canada and the Phil- 
ippines, all projects to date are located in 
Latin America and Africa. Argentina has 
the world’s third largest program, but is 
able to produce only one thirtieth as 
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much ethanol each year as Brazil. In 
Europe, the primary factor behind in- 
creased interest in alcohol fuels is the 
region’s tremendous agricultural sur- 
plus. Momentum is building to rechan- 
nel export subsidies into alcohol-fuels 
programs, France appears to be taking 
the lead, with Italy also carefully study- 
ing the possibility.4° 


POWER FROM THE SUN . 


Many techniques exist to collect, con- 
centrate, and convert solar radiation 
into useful energy. The most basic meth- 
ods use collectors to absorb relatively 
low-temperature heat and then transfer 
it to water or air. Somewhat more com- 
plicated are technologies that concen- 
trate sunlight to produce higher temper- 
ature heat capable of producing steam 
or electricity. The third, most sophis- 
tcated use of solar power takes advan- 
tage of the photovoltaic effect to convert 
the sun’s rays directly into electricity. 

Northern Europeans started experi- 
menting with solar collection devices in 
the seventeenth century to protect tropi- 
cal plants brought home by explorers 
from distant lands. Two hundred years 
later, the first commercial solar prod- 
uct—a water heater—came on the mar- 
ket in the United States. From the early, 
bare water tanks placed in the sun, solar 
collector technology has advanced con- 
siderably. Today’s models have trans- 
parent cover plates that trap heat with- 
out allowing it to be reradiated and that 
keep out cooling air currents. Once 
trapped, the heat is transferred to either 
water or air for immediate use or con- 
veyed to a storage medium, 

Water heating is still the most popular 
application of solar collectors. Swim- 
ming pools and residences are the larg- 
est markets, but commercial and indus- 
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trial systems are becoming more 
common. In Cyprus, the world’s largest 
solar energy user per capita, private in- 
dustry has installed solar water heaters 
on 90 percent of the houses and on a 
significant portion of apartment build- 
ings and hotels. In Israel, over 700,000 
households, accounting for 65 percent 
of all domestic water heating, have sim- 
ple systems that cost less than $500 per 
family to install. To encourage use of 
this low-cost technology and reduce de- 
pendence on imported petroleum, a 
1980 law requires the use of solar water 
heating in all new residential buildings 
up to nine stories high.?! 

Four million solar water heaters are in 
use in Japan, including more-rudimen- 
tary devices produced in the sixties; 
500,000 systems were sold in 1984 
alone, the peak year for collector sales. 
And in the remote northwestern region 
of Australia, 37 percent of households 
rely on such systems.42 

Through the mid-eighties, the world’s 
largest collector market was in the 
United States, where 85 percent of 1984 
sales were for residential applications— 
mostly in Sun Belt states. Unfortunately, 
by 1986 lower oil and gas prices and the 
elimination of residential renewable en- 
ergy tax credits caused the bottom to fall 
out of the U.S. market. Sales volume 
dropped more than 70 percent from its 
1984 level, and 28,000 of the estimated 
30,000 employees in the industry lost 
their jobs.43 


In Cyprus, private industry has in- 
stalled solar water heaters on 90 
percent of the houses. 


The efficiency of flat-plate collectors 
has increased by 30 percent since 1977, 
but further gains, along with better 
materials, are being sought. Lightweight 
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gels and polymer films for glazings and 
absorber components could cut collec- 
tor mass sevenfold, thereby reducing 
production, distribution, and installa- 
tion costs. If costs come down far 
enough, collectors to heat and cool air, 
which now account for only 10 percent 
of the market, may be more widely 
used.** 

The second major category of solar 
technologies encompasses processes 
that concentrate the sun’s rays to pro- 
duce higher temperatures. Several ap- 
proaches have been developed that 
achieve temperatures ranging from 85 to 
more than 3,000 degrees Celsius. The 
simplest systems, called solar ponds, rely 
on lined cavities filled with water and 
salt; as salt water is denser than fresh 
water, the salt water on the bottom ab- 
sorbs heat while the water on the surface 
traps the underlying layer. The most 
complex systems incorporate thousands 
of mirrors that track the sun and reflect 
its light onto a central receiver through 
which passes a fluid that is used directly 
to produce heat or indirectly to turn a 
turbine and generate electricity. 

Experimentation and some commer- 
cial development of these technologies 
is taking place in dozens of countries. 
Israel built the first small electricity gen- 
erating solar pond in 1979 on the shores 
of the Dead Sea and in 1984 completed 
a larger, 5-megawatt pond. An Aus- 
tralian and an American company have 
each built smaller systems that came on- 
line in 1985 and 1986 respectively. 
Ormat Turbines, an Israeli firm, is in- 
volved in a project to build the world’s 
largest solar pond, in southern Califor- 
nia. The facility's 48-megawatt capacity 
would supply some 40,000 households 
with electricity.45 

_Other solar thermal ene: gy technolo- 
gies require significantly more equip- 
ment than ponds do. Each type de- 
pends on a differently shaped solar 
reflector to concentrate sunshine. 


(73) 


Trough systems use U-shaped mirrors 
to produce temperatures from 100 to 
400 degrees Celsius. Concave parabolic 
dishes can yield temperatures as high as 
1,700 degrees Celsius. Central receiver 
systems use computer-controlled mir- 
rors to focus sunlight onto a tower. 
More than a half-dozen central receiver 
projects at least 1 megawatt in size have 
been built with government assistance. 
Trough and dish systems can be built in 
virtually any size, but central receivers 
are only likely to be economical for 
large-scale applications. (See Table 
4-4.) (For further discussion of solar 
thermal technologies, see State of the 
World 1985.) 

A trough system developed by Luz En- 
gineering is enjoying the greatest com- 
mercial success. Five of their privately 
financed Solar Energy Generating Sys- 
tems already operate in California's 
Mohave Desert and 14 more are sched- 
uled to come on-line by 1992. The 30- 
megawatt plants supply enough electric- 
ity for some 10,000 U.S. homes, take 
only a year to construct, and with supple- 
mental natural gas can consistently pro- 
vide power during the peak afternoon 
hours, when utilities value it most. Capi- 
tal costs have been halved since 1984 
and are now comparable to those of re- 
cently built U.S. nuclear facilities. The 
Israeli government has signed a power 
purchase agreement for a 25-megawatt 
unit that will be built alongside other 
solar technologies at a demonstration 
test site. Serious negotiations are also 
under way to build a plant in the Indian 
state of Punjab.*#¢ 

The third major category of solar 
technologies relies on the photovoltaic 
effect, discovered by Edmund Becquerel 
in 1839. This phenomenon causes elec- 
tricity to be produced when light strikes 
certain materials. No moving parts or 
heat are required, just a parcel of light to 
jar an electron from its orbit, causing an 
electric current to flow. First used to 
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Table 4-4. Large Solar Thermal Electric Systems, Constructed or Planned, 1987 


Expected or Actual 


Project Location Technology Capacity Completion Date 
(megawatts) 
Danby Lake! California Solar pond 48 — 
Luz, SEGS 1 California Trough Collector 14 1984 
Luz, SEGS 2 California Trough Collector 30 1985 
Luz, SEGS 3 California Trough Collector 30 1986 
Luz, SEGS 4 California Trough Collector 30 1986 
Luz, SEGS 5 California Trough Collector 30 1987 
Luz, SEGS 6 California Trough Collector 30 1988 
Luz, SEGS 7-19 California Trough Collector 450 1989-92 
Luz, Eliat Israel Trough Collector 25 1990 
Solar One California Central Receiver 10 1982 
Mysovoye Soviet Union Central Receiver 5 1986 
Bet Ha’Arava Israel Solar Pond 5 1984 
Solarplant 1 California Dish Receiver 4 1984 
Themis France Central Receiver 2 1983 
CESA-1 Spain Central Receiver 1 1983 
Sunshine 1 Japan Central Receiver 1 1981 
Sunshine 2 Japan Hybrid 1 1981 
Eurelios Italy Central Receiver 1 1981 
Solntsye Soviet Union Central Receiver 1 1983 


*Project on hold with no definite completion date. 


source: Worldwatch Institute, based upon research reports, news articles, and private communications. 


power spacecraft, the terrestrial market 
now dominates and grew at an average 
annual rate of 44 percent from 1980 to 
1985. A 10-percent efficient photovol- 
taic (PV) cell about 100 square centime- 
ters in size can produce | watt of elec- 
tricity at noon on a clear day,47 

In 1976, the average market price for 
a PV module was $44 per peak watt in- 
stalled, and a half-million watts’ (0.5 
megawatts’) worth were sold. Only a 
decade later, costs were down eightfold 
(in constant 1986 dollars) to $5.25 and 
shipments had climbed to 24.7 mega- 
watts. (See Figure 4-1.)48 

Half the photovoltaics sold in 1986 
provide power to equipment or villages 
not hooked up to electric utility trans- 


mission lines. The communications in- 
dustry accounts for the largest segment 
of this stand-alone market and relies on 
PV systems to relay radio, telephone, 
and television signals. Multinational 
communications companies, isolated vil- 
lages, and researchers in the field all de- 
pend on this vital information link. Ex- 
tending utility lines to these remote 
communication sites can cost between 
$23,000 and $46,000 per kilometer.*® 
Rural electrification projects that rely 
on photovoltaics are slowly spreading 
throughout the Third World. The great- 
est progress has taken place in the Do- 
minican Republic and on islands in 
French Polynesia and Greece. Phovovol- 
taics are used to provide refrigeration 
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Figure 4-1. World Photovoltaic Shipments and 
Average Market Prices, 1975-86 


for life-protecting vaccines, pumping for 
irrigation projects, and lighting and en- 
tertainment for homes. Worldwide, 
more than 15,000 homes receive their 
electricity from PV cells, and in West 
Germany a house was recently built with 
modules integrated into the roof tiles.5° 

The U.S. Coast Guard owns the larg- 
est number of stand-alone PV systems— 
10,525 used to power navigational aids. 
Each system saves taxpayers $5,000 be- 
cause it eliminates the need to replace 
batteries at distant lighthouses and 
ocean buoys. The agency is seeking 
funding for another 6,400 units in 
1988.54 

The second largest, and newest, cate- 
gory of PV use is for consumer products. 
Sanyo, Sharp, and Fuji pioneered in this 
market, and in 1978. the world’s first 
solar-powered calculator was sold. More 
than 200 million solar calculators were 
sold in 1987. Though still relatively 
novel, solar toys, clocks, and backyard 
lighting systems are all available com- 
mercially, a development made possible 
by the discovery of a radically new way of 
making PV cells. Japan has concentrated 


(75) 


on this new thin-film technology, and in 
1985 surpassed the United States as the 
world’s leading supplier of photovoltaic 
cells, Thin-film varieties have taken over 
one third of the market in just nine 
years,5? 

The United States produces thin-film 
cells primarily for power production. 
ARCO Solar, until 1986 the world’s 
leading PV manufacturer, introduced 
the first thin-film power module in 1984. 
Japan only recently branched out into 
the power market, with systems de- 
signed for rural applications in develop- 
ing countries. The United States, for the 
moment at least, retains its lead in sales 
of power generating equipment and pro- 
vides most of the PV modules used by 
electric utilities and grid-connected cus- 
tomers—12 percent of the 1986 mar- 
ket.53 

Photovoltaic sales will continue to 
grow at double-digit rates, but a dra- 
matic and widespread increase in their 
use depends on continued progress in 
reducing costs, raising efficiencies, im- 
proving automated manufacturing tech- 
niques, and resolving degradation prob- 
lems. At a June 1987 international 
meeting in California, experts con- 
cluded that at today’s market price of 
$4-5 per watt, the annual worldwide 
market for photovoltaic cells was some 
$125 million. (Adding in the cost of 
other system components probably 
raises the 1986 sales figure to approxi- 
mately twice that much.) These analysts 
speculated that when the price drops to 
$3, the market will go to $1.5 billion, and 
that when it dips below $1 per watt, sales 
would soar to about $100 billion annu- 
ally.54 

ARCO Solar is sufficiently convinced 
of the industry’s growth potential that it 
is increasing the annual manufacturing 
capability at one of its plants to 5 mega- 
watts. Another U.S. company, Chronar 
Corporation, recently announced plans 
to build a 10-megawatt production facil- 
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ity, When completed in late 1988, it will 
be the largest amorphous silicon PV 
manufacturing plant in the world.55 


TAPPING THE WIND 


Early in this century Danish industry re- 
licd on wind power for a quarter of its 
energy, and 150-200 megawatts of wind 
capacity were installed throughout the 
country. Cheap oil and gas and rural 
electrification displaced these early tur- 
bines, and wind energy did not make a 
resurgence until its rapid growth in the 
eighties. Electricity producing wind tur- 
bines (as opposed to windmills used for 
mechanical energy) are now installed in 
95 countries from the tropics to the Arc- 
tic,56 

Winds are created by the unequal 
heating of the earth’s surface and atmo- 
sphere and by the regional differences in 
pressures that result. Local wind pat- 
terns are further influenced by the ter- 
rain. Most coasts on every continent and 
many inland areas are rich in wind re- 
sources that, if developed, could supply 
a major share of the world’s electricity. 

During the decade following the 1973 
oil embargo, well over 10,000 wind ma- 
chines were installed worldwide. Most of 
these units are small and used either to 
charge batteries or to produce minus- 
cule amounts of electricity, usually less 
than 100 watts. The market in China for 
turbines in this size range has grown 
dramatically, from 1,282 units in 1982 to 
almost 11,000 in 1986. The demand was 
largely created by the recent availability 
of television reception nationwide but 
only: a limited power grid. Five of the 
world’s 10 largest manufacturers of 
small wind turbines in 1986 were Chi- 
nese.57 

The international wind power gener- 
ating market also expanded rapidly in 


the eighties, from 34 megawatts shipped 
in 1981 to 567 megawatts in 1985—a 
seventeenfold increase. By 1986, cumu- 
lative worldwide turbine sales reached 
$2.5 billion. The United States led in the 
installation of intermediate-size wind 
turbines, and in 1986 almost 90 percent 
of the wind energy produced worldwide 
was sold to the customers of two electric 
utilities in California. From 144 ma- 
chines with a combined capacity of 7 
megawatts in 1981, California had 16,- 
769 turbines with an installed generat- 
ing capacity of 1,463 megawatts by the 
end of 1987. (Sce Table 4-5.) These tur- 
bines were built in less time than re- 
quired for traditional generating facili- 
ties, and, for the most recent machines, 
at a lower cost.58 

Most of the turbines installed in the 
United States are in three mountain 
passes in California—Altamont, San 
Gorgonio, and Tehachapi. In Altamont 
and San Gorgonio, contrary to most 
other areas, wind speeds are highest in 
the summer, which coincides well with 
the peak seasonal demand placed on Sun 
Belt utilities. Seasonal variations and 
maximum wind speeds are important in 
assessing an area’s wind power potential 
because the available power depends in 
part on the average wind speed. When it 
doubles, power output increases eight- 
fold. Most systems are designed to oper- 
ate in winds of 4-30 meters per sec- 
ond.59 

Potential power output is also propor- 
tional to the area swept by each revolu- 
tion of the turbine’s rotor: Doubling the 
area doubles the output. Improved tur- 
bine design permitted the average rotor 
diameter of California’s machines to 
reach 17 meters in 1984, resulting in a 
50-percent increase in potential power 
output compared with the 1982 turbine 
models. Larger rotors effectively lower 
the capital costs of wind turbines be- 
cause more electricity can be produced 
with fewer machines.6° 
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Table 4-5. California Wind Farms, 1981-87 
Machines Capacity Average Average Power 
Year Installed Installed Capacity Cost Generated! 
(dollars per (million 
(number) (megawatts) (kilowatts) kilowatt-hour) kilowatt-hours) 
1981 144 7 49 3,100 1 
1982 1,145 64 56 2,175 6 
1983 2,493 172 69 1,900 49 
1984 4,687 366 78 1,860 195 
1985 3,922 398 101 1,887 670 
1986 2,878 276 96 1,250? 1,218 
19872 1,500 180 120 n.a. 1,600 
Total 16,769 1,463 87 — 3,739 


ee 
‘Most wind machines are installed in the last half of a given year and do not produce substantial power 


until the next year. *Preliminary. 


SOURCES: Pre-1985 from Paul Gipe, “An Overview of the U.S. Wind Industry,” Alternative Sources of Energy, 
September/October 1985, based on California Energy Commission (CEC) data; 1985 and most 1986 from 
Sam Rashkin, CEC, Sacramento, Calif., private communication, October 6, 1987; preliminary estimates 
from Paul Gipe, American Wind Energy Association, Tehachapi, Calif., November 5, 1987. 


During the early eighties many inex- 
perienced manufacturers rushed to cash 
in on the heavily subsidized California 
market and built inadequately tested ma- 
chines. Multiple repairs and major sys- 
tem overhauls soon bankrupted these 
firms. Those that remain have combined 
sturdy, reliable, proven windmill designs 
with new materials, knowledge, and 
manufacturing techniques to create 
more reliable products. In fact, today’s 
turbines operate 80-98 percent of the 
ume that the wind is blowing.®! 

_ The average size of turbines installed 
in California increased from 49 kilowatts 
in 1981 to 120 kilowatts in 1987. Many 
of the newest models have capacities of 
150-750 kilowatts. Government-funded 
programs, however, started by promot- 
ing large, multimegawatt turbines. 
Eleven wind machines rated at 1,000 
kilowatts or higher had been built as of 
1985—seven in the United States, two in 
Sweden, and one each in Denmark and 
West Germany. Despite the dismal oper- 
ating record of some large units, Can- 
ada, Denmark, the Netherlands, Swe- 


den, the United Kingdom, and West 
Germany are building new mul- 
timegawatt machines. These govern- 
ments, partly because of space con- 
straints, are still advocating the use of 
large turbines, making them the center- 
piece of R&D activity.®? 

The reverberations of the U.S. wind 
energy tax credit termination at the end 
of 1985 were felt by wind turbine supp- 
liers worldwide. Outside the United 
States, Denmark was the hardest hit, as 
it supplies over half of California’s tur- 
bines. In 1985, Danish manufacturers 
shipped more than 2,500 wind units to 
North America. Wind turbine exports, 
one of the country’s most valuable, fell 
by half in 1986. U.S. suppliers also suf- 
fered setbacks and few U.S. manufactur- 
ers remain in business.®* 

The international wind turbine market 
peaked in 1985, and sales figures are un- 
likely to return to that level until the 
nineties. But despite the decline in the 
California market, interest in wind en- 
ergy is growing rapidly in other areas of 
the world. The North American market 
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is expected to gradually decrease in im- 
portance to about 50 percent of the 
global total by the early nineties. Europe 
will then account for 25 percent or more 
of the world market, absorbing at least 
100 megawatts annually, and the re- 
maining quarter will be geographically 
dispersed.“ 

Denmark, besides being the leading 
international supplier of intermediate- 
size wind turbines, with 7 of the world’s 
top 10 manufacturers, has also built a 
domestic market. By mid-1987 installed 
capacity totaled 100 megawatts, includ- 
ing the first sea-based wind plant, on the 
east coast of Jutland. Although early 
wind development in Denmark relied al- 
most exclusively on individual 55-kilo- 
watt farm units connected to the central 
grid, the plan for the future is to build 
clusters of turbines in which each unit 
will be larger than 200 kilowatts. Elkraft 
and Elsam, the country’s two utility 
power pools, expect to install an addi- 
tional 100 megawatts’ worth of turbines 
by 1991.65 

The Chinese government is calling for 
wind farms with a total capacity of at 
least 100 megawatts to be built between 
1990 and 1996. In the Netherlands, a 
five-year plan with the goal of installing 
150 megawatts of capacity by 1992 is 
under way. By the end of the century, the 
government hopes to have 1,000 mega- 
watts of capacity in place. Spain plans 45 
megawatts by 1993 and Greece expects 
to install 80 megawatts’ worth on is- 
lands. Smaller wind farms are also either 
installed or planned in Australia, Bel- 
gium, Israel, Italy, the Soviet Union, the 
United Kingdom, and West Germany.¢ 

By far the most ambitious wind energy 
program belongs to the Ministry of En- 
ergy in India, which is pushing to have 
5,000 megawatts of wind power generat- 
ing capacity installed by both public and 
private developers by the year 2000. The 
country, which had virtually no wind tur- 
bines until 1985, now boasts as much 
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installed capacity as California had in 
1981 and is expected to be one of the 
most rapidly growing markets in the 
world. If the government achieves its 
goal, wind would supply more electricity 
by the end of the century than the coun- 
try's somewhat optimistic nuclear pro- 
gram.§7 

Average costs for installed intermedi- 
ate-size wind turbines have fallen by 
more than half since 1981, to some 
$800-1,200 per kilowatt. In many mar- 
kets, such turbines are now competitive 
with traditional generating technolo- 
gies. Costs are likely to be reduced fur- 
ther as more manufacturers start to 
mass-produce turbines.®® 


MAKING A CONTRIBUTION 


Only periodically throughout history has 
reliance on renewable energy sources 
been interrupted by the discovery of ap- 
parently plentiful and cheap fuels, such 
as new deposits of coal, oil, natural gas, 
and uranium. But coal burning is warm- 
ing the atmosphere and producing acid 
rain that is implicated in damaging 31 
million hectares of forests in central 
Europe. Nuclear power is producing a 
legacy that will be hazardous for mil- 
lennia. And oil wells are not replenish- 
able on a human time scale. 

Despite dwindling global supplies, 
many countries are increasing their de- 
pendence on the volatile Middle East. 
When oil prices resume their upward 
path, these nations may be more vulner- 
able to supply disruptions ‘than they 
were in the seventies. A secure and sta- 
ble energy future calls for an end to the 
squandering of a patrimony of hundreds 
of millions of years and a return to the 
elegance of renewable fuels. 

A greater commitment to energy €f- 
ficiency and expanded use of renewables 
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are the most cost-effective approaches to 
mitigating these seemingly intractable 
problems. In addition, they will put the 
global economy on more stable footing. 
Building resilience into energy policies 
via efficiency and diversified, smaller 
scale supply options will help provide 
the flexibility needed to adapt to an un- 
predictable future. 

Unfortunately, many energy policy- 
makers, complacent after the oil price 
plunge of the mid-eighties, are not look- 
ing ahead. They became complacent as 
oil prices plunged in the mid-eighties. 
Developing countries are faced with the 
added constraint of large international 
debts and therefore little prospect to ob- 
tain financing for new energy projects. 

A few countriés appear to be moving 
in the right direction in their adoption of 
renewable energy. Brazil, for example, 
obtains almost 60 percent of its energy 
from a mix of renewables. In 1986, Bra- 
zil was the world’s largest producer of 
alcohol fuels, the second largest pro- 
ducer of fuelwood, and the fourth larg- 
est producer of hydropower. Even the 
most modern sectors of the economy 
such as automobiles and steel produc- 
tion are dependent on these energy 
sources.®9 

Brazil demonstrates both the pitfalls 
and the promise of reliance on renewa- 
bles. Many of the country’s large hydro 
projects were approved without rigor- 
ous environmental assessments and 
without first tapping energy efficiency 
measures. In some cases residents were 
displaced and unique plant and animal 
species eradicated only to build generat- 


ing capacity that went unused. Yet, other - 


programs have resulted in real progress. 
One third of the steel manufactured in 
the country relies on charcoal for the 
smelting process. Fast-growing eucalyp- 
tus plantations provide most of the 
wood. Higher biomass yields and more 
efficient charcoal making and smelting 
‘processes will soon mean that just one 
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fifth as much land is required to support 
a given level of steel production as was 
required in the seventies.7° 

In India, slightly less than half the 
total energy is provided by renewables, 
but most of that is noncommercial, and 
often nonsustainable, use of fuelwood, 
agricultural wastes, and animal dung. 
The country’s Department of Noncon- 
ventional Energy Sources recently de- 
veloped a plan to increase the contribu- 
tion of renewables by building 15,000 
megawatts of renewably based electricity 
capacity by the year 2000. (This is in ad- 
dition to the country’s major commit- 
ment to large hydro plants.) Wind tur- 
bines and biomass technologies would 
make the greatest contributions, fol- 
lowed by small hydroelectric and solar 
thermal power stations and an even 
smaller share from biogas and municipal 
refuse facilities.7! 
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In 1986, Brazil was the world’s larg- 
est producer of alcohol fuels and 
the fourth largest producer of hy- 
dropower. 


nes 


Several other countries also have 
plans to boost the share of energy they 
get from renewables. (See Table 4-6.) 
Denmark is pegging its hopes on wind 
turbines, Israel on solar technologies, 
and Japan on a range of renewables in- 
cluding solar, geothermal, and ocean 
technologies. 

But success at this stage in the devel- 
opment of renewably based energy tech- 
nologies cannot be judged simply on the 
share of energy provided or the number 
of megawatts installed. Technical im- 
provements, including higher efficien- 
cies, increased reliability, and the devel- 
opment of new designs and materials 
measure potential contribution. For 
many of the new technologies, monitor- 
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Table 4-6. Share of Total Primary Energy 
Requirements Supplied by Renewables in 
Selected Countries, 1984/85, With 
Projections to 2000 
Country 1984/85 2000 

(percent) 
Brazil! 59.0 64.3 
Norway 61.1 63.0 
Japan 5.1 13.5 
Australia 9.4 12.6 
Israel 2.3 12.0 
Denmark 2.0 10.0 
Greece 5.9 8.9 
United States 74 8.7 
West Germany 2.5 5.5 


‘Figures for 1983 and 1993. 

SOURCES: Ministry of Mines and Energy, “Energy 
Self-Sufficiency: A Scenario Developed as an Ex- 
tension of the Brazilian Energy Model,” Govern- 
ment of Brazil, Brasilia, 1984; Strategies 
Unlimited, “International Energy and Trade Poli- 
cies of California's Export Competitors,” Califor- 
nia Energy Commission, Sacramento, Calif., 1987; 
Scout Sklar, “International Trade Policy for the Re- 
newable Energy Industries: An Assessment,” Solar 
Today, March/April 1987; International Energy 
Agency, Energy Policies and Programmes of IEA Coun- 
tries: 1986 Review (Paris: Organisation for Eco- 
nomic Co-operation and Development, 1987). 


ing cost reductions also indicates how 
much work remains prior to achieving 
widespread commercial use. 

The commitment that governments 
make to R&D on renewables can be mea- 
sured in several ways. Looking strictly at 
the dollar figure gives an indication of 
the amount spent on technical advances. 
In the United States, still the leader in 
this category, research and development 
funding for renewables peaked in 1980 
at $900 million (1986 dollars). Appro- 
priations have since fallen 80 percent, 
with no rebound in sight.72 

Total funding on renewable energy 
throughout IEA member countries has 
fallen 64 percent since its 1980 peak. 
Greece and Portugal are the only coun- 
tries whose budgets have increased. In 
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Japan, Switzerland, and Turkey the drop 
has been 25 percent or less; in Sweden, 
West Germany, and the United King- 
dom, less than half.73 

Widely fluctuating research and devel- 
opment support for new technologies 
thwarts progress. Without reliable fund- 
ing, the needed long-term programs are 
difficult to plan and more complicated to 
implement. That is not to say that there 
should be no midcourse corrections. 
The learning process requires that new 
knowledge be accompanied by changes 
in R&D programs, but sudden cuts in 
ongoing research projects and staff can 
be devastating. 

The share of total energy R&D funds 
going to renewables indicates their rela- 
tive political support and perhaps the 
share of new energy supplies that they 
will contribute. Renewables have strong 
political backing in Greece, for example, 
which devotes 63 percent of its energy 
R&D budget to renewables and does not 
have a nuclear program. Japan, which 
does have a large nuclear program, 
devotes only 4 percent of its energy R&D 
budget to renewables, but nonetheless 
outspends Greece almost 10 to 1. (See 
Table 4-7.) Japan has 12 times as many 
people and an economy 17 times larger 
than Greece’s.74 

Perhaps the best measure for compar- 
ing overall government commitment to 
renewables in various countries is per 
capita expenditures. This factors out 
population size and funding support for 
other technologies. Sweden, which is out 
in front in this category, focuses its ef- 
forts on biomass—wood, energy crops, 
and agricultural surpluses. Because of a 
national referendum, Sweden must 
phase out all 12 of its nuclear plants by 
2010.75 

Following the nuclear accident at 
Chernobyl, government support for re- 
newable energy technologies—particu-. 
larly those that rely on solar power—has 
apparently increased in Italy, Japan, 
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Table 4-7. Government R&D Spending on Renewables in Selected Countries, 1986 


Renewables 

R&D Share of Energy Spending 

Country Spending R&D Budget Per Capita 
(million dollars) (percent) (dollars) 

Sweden 17.3 21.8 2.06 
Switzerland 10.2 14.7 1.57 
Netherlands 17.0 10.6 1.17 
West Germany 65.9 11.6 1.09 
Greece 9.7 63.2 0.97 
Japan 99.2 4.3 0.82 
United States 177.2 7.8 0.73 
Italy 29.5 3.9 0.52 
Denmark 2.6 17.8 0.51 
Spain 19.4 27.6 0.50 
United Kingdom 16.6 4.4 0.29 


O O a aai 
SOURCE: International Energy Agency, Energy Policies and Programmes in IEA Countries, 1986 Review (Paris: 
Organisation for Economic Co-operation and Development, 1987); Population Reference Bureau, 1986 


World Population Data Sheet (Washington, D.C.: 1986). 


Spain, and West Germany. The Swiss 
government’s solar budget is expected 
to triple by 1990. Denmark and the 
Netherlands are pushing wind turbines, 
and Greece and India are launching 
broad-based renewable energy pro- 
grams that will rely on a variety of 
sources.76 

In Japan, the government and private 
sector work together closely in develop- 
ing new technologies. Each contributes 
monetarily, the government often eases 
regulatory and fiscal restraints, and the 
private sector regularly reports—with 
one voice—on its progress and needs. 
The New Energy Foundation is a non- 
profit organization that includes among 
its members virtually all the major Japa- 
nese manufacturers of photovoltaics. 
Besides assessing industry progress and 
pointing out obstacles to growth, it pre- 
dicts plant and equipment investments 
needed to achieve cost goals over 10- 
and 20-year periods. Its recommenda- 
tons carry significant weight in discus- 


sions with the government concerning 
research priorities.7? 

A renewable source that has made re- 
markable strides in recent years because 
of R&D support is geothermal energy. 
Derived from the heat of the earth's 
core, its use is growing rapidly in many 
regions. New extraction techniques 
promise to expand the geographical 
range in which it can be used. 

With some 5,000 megawatts of capac- 
ity installed worldwide, more than half 
of it since 1980, geothermal prospects 
look bright. Close to half the installed 
capacity is in the United States, followed 
by the Philippines, Mexico, Italy, and 
Japan. At least a dozen other countries 
have also built plants. More than 2,000 
additional megawatts are planned to 
enter service by 1991, and a recent re- 
port by the Electric Power Research In- 
stitute found that North American ca- 
pacity alone could reach from 4,200 to 
18,700 megawatts by the year 2000.78 

Some of the relatively young renew- 
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able energy technologies that have made 
substantial progress in recent years, but 
that have not achieved the overoptimis- 
tic goals set by many in the seventies, 
include advanced solar collectors, wind 
turbines, and photovoltaics. Solar col- 
lectors and wind turbines have recently 
become economical in many settings, 
but institutional barriers and a financial 
community whose perceptions lag sev- 
eral years behind technical advances are 
slowing their penetration of energy mar- 
kets. In future decades, PV technologies 
are likely to play a major role. 

Technologies with a long-term poten- 
tial that require additional research to 
demonstrate their feasibility and reduce 
their cost include biochemical methods 
of converting biomass feedstocks, vari- 
ous solar thermal configurations, and 
systems that make use of the tempera- 
ture difference between surface and 
deep ocean waters. Development of an 
economical chemical storage method, or 
battery, that could stockpile electricity 
for later use would also be a boon for 
renewables. Wind and sunlight are not 
always available when needed, but if 
their energy could be stored for later 
use, their intermittent nature would 
pose less of a problem. 
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The pace of development of many re- 
newable energy technologies and the 
rate of adoption of efficiency measures 
will depend upon the level of R&D funds 
from both public and private sources, 
and upon institutional restructuring of 
the energy sector. (See Chapter 2.) Ef 
ficiency is capable of major energy sav- 
ings today. Some renewable energy 
technologies, primarily hydropower and 
biomass, are also widely available com- 
mercially. Wind turbines will be interna- 
tionally widespread before the turn of 
the century, and photovoltaics may be 
right on their heels. 

A sustainable energy path will provide 
the flexibility to cope with ‘an uncertain 
global future. Policymakers ready to 
make the change need to improve mar- 
ket pricing signals, open up the energy 
supply and energy savings business, and 
reinvigorate research and development 
programs. Educating their colleagues as 
well as consumers to see the true present 
value of future savings, and tailoring fi- 
nancial practices to reflect this vision, 
will be difficult. Nations that accept the 
challenge will be rewarded with in- 
creased energy security, more stable 
economies, and a healthier global envi- 
ronment. 
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Reforesting the Earth 
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Before the dawn of agriculture, some 
10,000 years ago, the earth boasted a 
rich mantle of forest and open woodland 
covering some 6.2 billion hectares. Over 
the centuries, a combination of land 
clearing for crop production, commer- 
cial timber harvesting, cattle ranching, 
and fuelwood gathering has shrunk the 
earth’s forests to some 4.2 billion hect- 
ares—a third less than existed in pre- 
agricultural times.! 

For centuries, this reduction in the 
earth’s biological stock hindered human 
progress little, if at all. Indeed, the clear- 
ing of trees to expand food production 
and the harvesting of forest products 
were vital aspects of economic and social 
development. But the relentless loss of 
tree cover has recently begun to impinge 
directly on the economic and environ- 
mental health of numerous nations, 
mostly in the Third World. Combined 
with concerted efforts to protect remain- 
ing forests, large-scale reforestation—a 
seeming anomaly for a planet where 
woody vegetation still covers 40 percent 
of the land—now appears essential to 
improving the human prospect. 

Most tree planting efforts over the last 
several decades have aimed at increasing 
supplies of marketable timber, pulp, and 


fuelwood for cities—forest products that 
yield obvious economic benefits. By con- 
trast, reforestation for reasons that lie 
outside the monetized economy has 
been vastly underattended. Yet trees 
quite literally form the roots of many 
natural systems. With the inexorable 
march of deforestation, the ecological 
integrity of many areas is disintegrat- 
ing—causing severe soil loss, aggravat- 
ing droughts and floods, disrupting 
water supplies, and reducing land pro- 
ductivity. ! 

Trees are also a vital component of 
the survival economy of the rural poor. 
Hundreds of millions of people rely on 
gathered wood to cook their meals and 
heat their*homes. For them, lack of ac- 
cess to wood translates into reduced liv- 
ing standards and, in some cases, di- 
rectly into malnutrition. In addition, 
trees and soils play a crucial role in the 
global cycling of carbon, the importance 
of which has been magnified by the 
emergence of carbon dioxide-induced 
climate change as arguably the most 
threatening environmental problem of 
modern times. 

Efforts to slow deforestation certainly 
deserve redoubled support. But even if 
forest clearing miraculously ceased 
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today, millions of hectares of trees 
would still have to be planted to meet 
future fuelwood needs and to stabilize 
soil and water resources. Increased 
planting to satisfy rising demands for 
paper, lumber, and other industrial 
wood products—an issue beyond the 
scope of this chapter—is also crucial. Ex- 
panding forest cover for all these rea- 
sons will reduce pressures on remaining 
virgin forest, helping to preserve habi- 
tats and thereby safeguard the earth’s 
biological diversity. (See Chapter 6.) At 
the same time, it will . mitigate the 
buildup of atmospheric carbon dioxide, 
which gives industrial countries sound 
reason to step up support for tree plant- 
ing in the Third World. 

Successfully reforesting large areas of 
degraded lands, however, will require 
much more than financia! commitments 
from governments and international 
lending agencies. It wili take a shift in 
emphasis from government foresters es- 
tablishing and maintaining commercial 
plantations to the much more complex 
tasks of starting nurseries in thousands 
of villages, and encouraging the planting 
of multipurpose trees along roads, on 
farms, and around houses. Only by gar- 
nering the knowledge, support, and 
human energy of rural people them- 
selves—and planting to meet their basic 
needs—is there any hope of success. 


TREE COVER TRENDS 


Dramatic changes in regional forest 
cover historically reflect powerful soci- 
etal transformations. Beginning in the 
sixteenth century, the expanding agri- 
cultural and industrial needs of Renais- 
sance societies spurred the clearing of 
large tracts of forest in Western Europe. 
France, once 80 percent forested, had 
trees covering only 14 percent of its ter- 
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ritory by 1789. Both the French and the 
English so depleted their domestic for- 
est resources that they were forced by 
the mid-seventeenth century to conduct 
a worldwide search for ship timbers in 
order to maintain their maritime superi- 
ority. Similarly, forest cover in what is 
now the contiguous United States to- 
taled some 385 million hectares in 1630, 
about when the Pilgrims arrived. As col- 
onization spread along the eastern sea- 
board and gradually westward, forests 
dwindled. By 1920, trees covered 249 
million hectares, more than a third less 
than when European settlement began.? 


Surprisingly little is known with 
certainty about the state of forest 
resources today. 


Despite growing recognition of the 
importance of forests to the economic 
and ecological health of nations, surpris- 
ingly little is known with certainty about 
the state of forest resources today. Many 
countries have not fully inventoried 
their forests, and the data that do exist 
vary widely in quality. A 1982 study by 
the U.N. Food and Agriculture Organi- 
zation (FAO) still provides the best m- 
formation available on tropical forests- 
even though much of the data is morê 
than a decade old. Combining FAO’s es- 
timates with those of a 1985 forest as- 
sessment by the U.N. Economic Com- 
mission for Europe and with various 
individual country reports yields a rough 
picture of the global forest resource 
base. (See Table 5-1.) 

Closed forest, where the shade from 
tree crowns prevents substantial growth 


- of grass, covers nearly 3 billion hectares 


worldwide. Another 1.3 billion hectares 
are open woodlands, including, for ex- 
ample, the wooded savannah of Africa 
and the cerrado in Brazil. Collectively; 
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Table 5-1. The Global Forest Resource Base, Circa 1980 
X Forest 
s Closed Open Total Fallow and 
Begion Forest, "Woodland „oii oggim ts saasncebland (Tol 
(million hectares) 

Asia (except China) 237 6) 298 62 360 
Africa 236 508 744 608 1,352 
Latin America 739 248 987 313 1,300 
North America 459 275 734 — 734 
Europe 137 22 159 — 159 
Soviet Union 792 137 929 — 929 
China 122 15 137 — 137 
Oceania 223 76 299 47 346 
World 2,945 1,342 4,287 1,030 5,317 


Vora ooo o o e 
sources: U.N. Food and Agriculture Organizaticn/Economic Commission for Europe, World Forest Re- 


sources 1980 (Rome: 1985); China data from 


China Scientific and Technological Information Research 


Institute, China in the Year 2000 (Beijing: Science and Technology Documents Publishers, 1984). 


forested lands cover approximately 4.3 
billion hectares, an area almost triple 
that in crops. Shrubland and forest re- 
growth or temporarily abandoned crop- 
land bring the total area supporting 
woody vegetation to more than 40 per- 
cent of the world’s land.? 

The most worrisome finding of FAO’s 
assessment was that tropical trees were 
being cut much faster than reforestation 
or nature were replacing them. For trop- 
ical regions as a whole, 11.3 million hect- 
ares were cleared annually in the early 
eighties, while only 1.1 million hectares 
of plantations were established. Thus 10 
hectares were being cleared for every | 
planted. In Africa, the ratio was 29 to 1; 
in Asia, 5 to 1. Even these alarming fig- 
ures probably underestimate the extent 
of forest loss in particular regions, since 
tree planting is often highly concen- 
trated, while cutting is widespread.* . 

Recent data for individual countries 
suggest that forest cover trends in some 
regions are even bleaker than FAO’s so- 
bering assessment indicates. Satellite 
imagery of five states in Brazil, for exam- 
ple, shows that deforestation in parts of 


the Amazon has proceeded much faster 
than estimates for the entire region sug- 
gest. Likewise, Landsat data released by 
the National Remote Sensing Agency of 
India reveal that India’s forest cover de- 
clined from 16.9 percent in the early sev- 
enties to 14.1 percent in the early eight- 
ies, an average loss of 1.3 million 
hectares per year. FAO placed India’s 
forest cover in 1980 at 17.4 percent— 
approximately 11 million hectares too 
high—and underestimated the true rate 
of deforestation almost ninefold.® 
Fortunately, reforestation is also pro- 
ceeding somewhat faster than official es- 
timates suggest. Spontaneous tree plant- 
ing by villagers around farm fields, as 
windbreaks, or along roadways is fre- 
quently not counted. Indeed, forestry 
statistics typically ignore “trees outside 
of forests,” ever: though in many areas 
they are the primary source of fuelwood, 
fodder, and rural construction materials. 
In Kenya, for instance, the number of 
trees planted by villagers exceeds the 
number established in government plan- 
tations. And in Rwanda, scattered trees 
planted by rural people collectively 
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cover some 200,000 hectares, more than 
the combined area of the country’s re- 
maining natural forest and all state and 
communal plantations.® 
Nonetheless, the loss of forest cover in 
tropical countries remains rampant. 
Conversion of forest to cropland is by far 
the leading direct cause. Population 
growth, inequitable land- distribution, 
and the expansion of export agriculture 
have greatly reduced the area of crop- 
land available for subsistence farming, 
forcing many peasants to clear virgin 
forest to grow food. These displaced cul- 
tivators often follow traditions of contin- 
uous cropping that are ill suited to fra- 
gile forest soils. Eventually, the soils 
become so depleted that peasant colo- 
nists must clear more forest to survive. 
Indigenous “shifting cultivators” 
clear new fields every few years, allowing 
forest regrowth to restore soil fertility 
before they return to clear and plant 
again several years later. But even this 
once-sustainable practice is being un- 
dermined as population pressures force 
farmers to recultivate land before it has 
recovered. FAO estimates that the 
breakdown of traditional shifting cultiva- 
tion patterns is responsible for 70 per- 
cent of closed forest clearings in tropical 
Africa, nearly 50 percent in tropical Asia, 
and 35 percent in tropical America.7 
Population pressures have also trans- 
formed fuelwood collection into an 
unsustainable practice. Given a choice, 
villagers generally gather dead wood 
_and branches for fuel; they only cut live 
wood if nothing else is available or if 
they are converting wood to charcoal for 
urban markets. Fuelwood collection is 
thus an agent of forest destruction pri- 
marily in the arid woodlands of Africa, 
where population density is high and the 
natural growth rate of vegetation is low, 
and around large cities of Asia and 
Africa, where concentrated demand 
overtaxes available tree stock. Recent 
Landsat data show that in less than a 
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decade forest cover within 100 kilome- 
ters of India’s major cities dropped by 15 
percent or more; Delhi lost a staggering 
60 percent.® 

Consumer demand in_ temperate 
countries fosters tropical forest deple- 
tion as well. Industrial countries’ appe- 
tite for tropical hardwoods has encour- 
aged many Third World governments to 
“mine” their forests to earn vital foreign 
exchange. As loggers selectively fell 
commercially valuable tree species— 
which sometimes account for less than 5 
percent of any given hectare—they often 
destroy between 30 and 60 percent of 
unwanted trees as well. Roughly two 
thirds of the logging—and the damage— 
has occurred in Southeast Asia, although 
logging is likely to increase in Latin 
America as Asian forests become de- 
pleted.’ 

One additional agent of forest de- 
struction operates in Latin America: the 


lure of cattle ranching. Between 1961 


and 1978, pasture in Central America 
expanded 53 percent while forests and 
woodlands declined 39 percent. Much of 
this conversion was driven by U.S. de- 
mand for cheap beef, although in recent 
years Central American beef exports 
have dropped in response to declining 
U.S. beef consumption, escalating ten- 
sions in El Salvador, and the U.S. trade 
embargo against Nicaragua. Similarly, 
by the late seventies an estimated 1.5 
million hectares of pasture had been es- 
tablished in the Brazilian Amazon. In 
1979, Brazil eliminated some of the in- 
centives that had spurred clearing for 
pasture; alas, forest clearing continues 
as a way of establishing claims in Brazil’s 
highly speculative land market.!° 
Pressures on temperate forests have 
waned substantially following several 
centuries of clearing for agriculture. 
Forest cover in most European countries 
is now fairly stable; in some, it has even 
been increasing as marginal agricultural 
land reverts to woodland and as con- 
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scious efforts are made to plant trees. 
Since the early sixties, government and 
private plantings in the United Kingdom 
have increased net forest cover an aver- 
age of 30,000-40,000 hectares per year. 
In France, forest area has risen substan- 
tially from its historic low of 14 percent 
in 1789; about a quarter of the country 
is now forested.!! 

Unfortunately, chemical stresses from 
air pollution and acid rain today place a 
substantial share of European forests at 
risk. Trees covering some 31 million 
hectares in central and northern Europe 
are showing signs of damage linked to 
air pollutants. (See Chapter 1.) Scientists 


do not know how extensive the damage - 


will become, but it could substantially 
offset recent gains made in expanding 
the continent’s forested area.!? 

As in Europe, forest cover in the con- 
tiguous United States was comparatively 
stable during most of this century, fol- 
lowing the loss of 136 million hectares 
between 1630 and 1920. During the last 
two decades, however, forest area has 
declined as widening grain export mar- 
kets encouraged conversion of forest to 
cropland and as urban and industrial de- 
velopment encroached on woodland. 
In 1982, forests covered 233 million 
hectares of the contiguous states—a 
10-percent drop from 1963, and less 
than existed in 1920, the previous 
low point.!3 


Chemical stresses from air pollu- 
tion and acid rain today place a 
substantial share of European for- 
ests at risk. 


In the Third World, nothing in pros- 
pect suggests that forest cover will sta- 
bilize anytime soon, as it has in many 
industrial countries. The forces behind 
deforestation remain strong, and plant- 
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ing efforts are woefully inadequate to re- 
verse the loss of tree cover. 


MEETING FUELWOOD NEEDS 


Energy planners in developing countries 
face a markedly different set of chal- 
lenges over the coming decades than 
their counterparts in industrial coun- 
tries. Much of the Third World remains 
tightly wedded to wood as a primary en- 
ergy source, either in its raw form or 
after conversion to charcoal. As wood 
supplies in the countryside and around 
cities continue to dwindle, growing 
numbers face a deepening energy crisis. 
Even after more than a decade of in- - 
creasing recognition of the problem, 
only halting progress has been made to- 
ward satisfying future fuelwood de- 
mands. 

More than two thirds of all Third 
World people rely on wood for cooking 
and heating. Rural dwellers depend on 
wood almost exclusively, even in oil-rich 
Nigeria. In many countries—including 
most of Africa—wood not only domi- 
nates household energy use, it provides 
more than 70 percent of energy used for 
all purposes. (See Table 5-2.)' 

Unfortunately, data characterizing the 
fuelwood gap are as out of date as those 
on tropical forest trends. According to 
FAO, in 1980 nearly 1.2 billion people in 
developing countries were meeting their 
fuelwood needs only by cutting wood 
faster than it was being replaced. Nearly 
100 million people—half of them in 
tropical Africa—could not meet their 
minimum needs.even by overcutting the 
woodlands around them. FAO projected 
that by the year 2000, the number of 
people lacking wood or overcutting 
would reach nearly 2.4 billion, more 
than half the projected developing- 
world population.!® 
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Table 5-2. Share of Total Energy Use 
Provided by Wood, Selected Countries, 


Early Eighties 
Wood Share 

of Total 
Country Energy Use 

(percent) 
Burkina Faso 96 
Kenya ` 71 
Malawi 93 
Nigeria 82 
Sudan 74 
Tanzania 92 
China > 25! 
India 33 
Indonesia 50 
Nepal 94 
Brazil 20 
Costa Rica 33 
Nicaragua 50 
Paraquay 64 


'Inctudes agricultural wastes and dung in addi- 
tion to wood and charcoal, 
source: Worldwatch Institute, based on various 
sources, 


The human and ecological costs of 
wood scarcity already are high. In rural 
parts of the Himalayas and the African 
Sahel, women and children spend be- 
tween 100 and 300 days a year gathering 
fuciwood. Boiling water: becomes an 
unaffordable luxury, and quick-cooking 
cereals replace more nutritious but 
slower-cooking foods, such as beans. 
Where fuelwood is critically scarce, peo- 
ple often have no choice but to divert 
dried dung and crop residues from fields 
to cookstoves, a practice that diminishes 
soil fertility and depresses crop yields. In 
Nepal, for example, this diversion 
reduces grain yields an estimated 15 per- 
cent, !6 

Rapid urbanization will only magnify 
the ecological consequences of increas- 
ing fuelwood scarcity. City dwellers tend 
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to rely on charcoal rather than wood be- 
cause its light weight makes it more eco- 
nomical to transport from the country- 
side. When wood is converted to 
charcoal in traditional earthen pits, 
more than half the primary wood energy 
is lost. This means that every villager 
who moves to a city and switches from 
wood to charcoal equals, in energy 
terms, two people. Even though urban 
areas have traditionally been less depen- 
dent on fuelwood, urbanization could 
soon make cities pivotal to national fuel- 
wood strategies. Indeed, the World 
Bank estimates that by 2000, the urban 
areas of West Africa will account for 
50-70 percent of the region’s total fuel- 
wood consumption.!7 

Experts generally agree that a success- 
ful strategy to meet the fuelwood needs 
of the Third World must include in- 
creasing the productivity of natural for- 
ests; making better use of wood now 
wasted, including logging residues and 
trees cleared for cropland; raising the 
efficiency with which wood is burned; 
and planting more trees. The World 
Bank has calculated that fuel substitu- 
tion and the use of more efficient kilns 
and cookstoves could reduce, fuelwood 
needs in the year 2000 by about a fourth. 
Eliminating the remaining gap between 
projected supply and demand would re- 
quire planting the equivalent of 55 mil- 
lion hectares of high-yielding fuelwood 
plantations, or 2.7 million hectares per 
year, given a base year of 1980. If the 
needed number of trees were planted 
less intensively on farms, around houses, 
and in woodlots, planting efforts would 
involve an area at least four times as 
large. Actual planting for fuelwood has 
averaged about 550,000 hectares annu- 
ally, a fifth of what is needed.!8 

More than a decade of experience with 
so-called communal and farm forestry 
projects has shown clearly that inspiring 
large-scale planting of trees is no easy, 
task. The international donor commu- 
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nity rightly recognized during the seven- 
ties that Third World villagers them- 
selves formed the only labor force large 
enough to plant trees on the vast areas 
needed. In many cases, however, rural 
people were reluctant to participate in 
communal planting because they had no 
idea how the resulting benefits would be 
shared. Often their needs and ideas were 
not solicited, nor were they involved in 
the selection of tree species to be 
planted. Perhaps the greatest lesson of 
the first generation of fuelwood projects 
was that villagers rarely were motivated 
to plant trees exclusively for fuelwood. 

To outsider observers, it seems irra- 
tional for people faced with an energy 
crisis to be reluctant to plant trees for 
fuel. But for most rural dwellers in the 
Third World, fruit, poles, fodder, and 
shade are higher priorities. They know 
that wood, in the form of trimmings and 
dead branches, will be a secondary bene- 
fit of plantings for these other purposes. 
Moreover, people do not always per- 
ceive the national “fuelwood gap” that 
so concerns energy planners. They may 
be cutting wood over and above a sus- 
tainable level, yet still not be experienc- 
ing an unacceptable shortage. And in 
rural areas where fuelwood is not part of 
the cash economy, the cost of increasing 
scarcity is measured in women’s time, 
something that may have little value to 
male decision makers. 

The key to mobilizing villagers is to 
promote multipurpose trees that meet 
their immediate needs while also in- 
creasing the woody biomass available for 
fuel. Particularly promising is the poten- 
tial of agroforestry—the combined pro- 
duction of crops and trees—to raise crop 
yields while providing fuelwood and 
other useful products. Nitrogen-fixing 
trees planted in shelterbelts or inter- 
spersed with crops, for example, can en- 
hance soil fertility, increase soil mois- 
ture, and reduce erosion. 

Agroforestry programs offer a number 
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of advantages over more traditional ap- 
proaches to addressing the fuelwood cri- 
sis. They typically cost only 10-20 per- 
cent as much as government-established 
fuelwood plantations. Although yields 
per hectare may be higher in plantations, 
agroforestry often results in greater 
wood production per planted tree, 
Through pruning techniques known as 
coppicing and pollarding, a single tree 
can yield 5-10 times the wood volume 
that a plantation tree would yield upon 
felling. Since trees are grown on farms, 
agroforestry can cover significantly 
more area than plantations. And in con- 
trast to communal woodlot projects, 
agroforestry does not pose problems 
with shared work loads, division of bene- 
fits, or the displacement of other pro- 
ductive uses of common land, such as 
grazing.!® 

Of course, agroforestry does not ad- 
dress the fuelwood needs of the millions 
of rural people who do not own land. 
Traditionally, they have had to collect 
wood from common lands or steal it 
from forest reserves. Providing fuel for 
the landless may well be the greatest en- 
ergy challenge facing Third World gov- 
ernments today. 


—— ne 


People do not always perceive the 
national “fuelwood gap” that so 
concerns energy planners. 
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In India, the government of West Ben- 
gal addressed this problem by allocating 
more than 5,000 hectares of denuded 
forestland to landless families for cash- 
crop tree farming. Though families were 
not ceded title to the land, they were 
granted ownership of the trees. To en- 
courage participation, the Forest De- 
partment supplied free seedlings, fertili- 
zer, technical assistance, and insecticide, 
and it offered small cash incentives 
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based on the number of trees surviving 
after three years. The families harvested 
the wood for sale after five years, and 
with the proceeds bought small parcels 
of land suitable for farming. While the 
trees matured, villagers collected twigs 
and branches for fuel. Where a strong 
commercial market for wood exists and 
sufficient degraded forestland is avail- 
able, such a strategy can bring nonpro- 
ductive land into use while providing the 
landless poor with both fuelwood and 
added income.?9 

Meeting future fuelwood needs will 
depend as much on managing demand 
as on increasing supply. Many policies 
that could significantly reduce demand 
attack the broader economic and social 
conditions that underlie fuelwood short- 
ages. If birth rates today in Africa were 
no higher than those in South Asia, for 
example, Africa's demand for fuelwood 
40 years from now would be reduced by 
as much as 30 percent.?! 

Improving the efficiency of Third 
World cookstoyes is also crucial. Such 
efforts will never solve the fuelwood cri- 
Sis; population growth would soon out- 
strip even the most ambitious dissemina- 
tion program. But improved stoves can 
benefit individual households while col- 
lectively relieving pressures on natural 
woodlands until tree planting programs 
take hold. 

Particularly promising are prospects 
for reducing wood consumption in cit- 
ies, where rising wood and charcoal 
prices provide a powerful incentive to 
invest in efficiency. An improved model 
of the traditional charcoal jiko in Kenya 
can halve fuel use. For the average 
Nairobi family spending 170 shillings 
(about $8.25) a month on charcoal, the 
Stove pays for itself in just two months.22 
_ In rural households, where wood 
is gathered rather than purchased, no 
direct economic advantage exists to 
boosting wood-burning efficiency. Yet 
women, who spend much time collecting 
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wood, have an incentive to construct im- 
proved stoves if they can do so from free, 
locally available materials. A particularly 
successful program in Burkina Faso pro- 
motes an upgraded version of the tradi- 
tional three-stone cookstove, sur- 
rounded by a cylindrical shield made of 
mud, dung, and chaff. The new model 
cuts wood use by 35-70 percent, takes 
only a half-day to make, and costs virtu- 
ally nothing. By April 1986, more than 
83,500 of these improved stoves were in 
use.?3 


STABILIZING SOIL AND 
WATER RESOURCES 


“What do the forests bear? Soil, water, 
and pure air.” So goes a slogan of India’s 
Chipko movement, a nonviolent resist- 
ance campaign begun in the early seven- 
ties to save trees in the Himalayas. The 
motto reflects well a growing awareness 
of the role forests play in vital ecological 
functions: stabilizing soils, conserving 
nutrients, and moderating water sup- 
plies. Unfortunately, deforestation and 
poor land use practices in many parts of 
the Third World are undermining these 
support services at a rapid rate.?4 

Just how much ecological disruption 
forest clearing causes depends on a 
number of factors, including topogra- 
phy, rainfall patterns, soil characteris- 
tics, geologic conditions, and how the 
land is used and treated following clear- 
ing. In general, forests help anchor soils; 
thus the loss of tree cover—especially 
from steeply sloping hillsides—can lead 
to large losses of topsoil. Besides dimin- 
ishing upland productivity, such erosion 
transfers sediment to river channels, 
which aggravates local flooding and can 
contribute to the premature silting of 
reservoirs downstream.2° 
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The effects of forest clearing on water 
supplies seem much more variable and 
uncertain. In most cases, removing trees 
increases an area’s available water sup- 
ply, since the amount of water lost to the 
atmosphere through evapotranspiration 
decreases. If overgrazing or poor crop 
production practices follow forest clear- 
ing, however, soils can compact and lose 
some of their ability to absorb rainwater. 
In such cases, more water tends to run 
over the land surface rather than soaking 
into the subsurface, where it can be 
stored and released more gradually. In 
West Africa, for example, runoff rates 
recorded from some cultivated and bare 
soils exceeded those from forest twen- 
tyfold. Depending on the intensity and 
duration of rainfall, the loss of soil infil- 
tration capacity can also increase flood- 
ing.26 


ee 


In West Africa, runoff rates re- 
corded from some cultivated and 
bare soils exceeded those from for- 
est twentyfold. 
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Perhaps nowhere are the destructive 
effects of flooding and siltation more evi- 
dent than in South Asia, especially in the 
heavily populated plains of the Ganges 
and Brahmaputra rivers. Sorting out 
human-induced hazards from natural 
causes in such a region is difficult. The 
Himalayas, where these rivers originate, 
are a geologically young and active 
mountain chain that is naturally prone to 
landslides and massive erosion. Even if 
the hills remained entirely cloaked in vir- 
gin forest, the intense monsoon rains 
undoubtedly would cause severe flood- 
ing in the plains below.?” 

Yet some observers believe flooding 
has worsened with forest destruction 
throughout the subcontinent. Research- 
ers at the Centre for Science and Envi- 
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ronment in New Delhi estimate that the 
flood-prone area in India now totals 59 
million hectares, more than double a 
government estimate for the late sixties 
of 25 million hectares. Between 1913 
and 1978, the peak flood level of the 
Brahmaputra at one monitoring point 
rose an average of 30.5 centimeters per 
decade, or nearly 2 meters over the 65- 
year period. According to these re- 
searchers, “We are no longer dealing 
with disaster events but disaster pro- 
cesses.""28 

Likewise, much of the sedimentation 
of river beds and reservoirs results from 
natural erosive activity. But careless tree 
felling and forest clearing in upland wa- 
tersheds can exacerbate the problem. In 
the Philippines, researchers estimate 
that 1.4 million hectares of upland wa- 
tershed have been denuded, primarily 
through uncontrolled logging and 
unsustainable shifting cultivation prac- 
tices. Echo sounding measurements 
show that between 1967 and 1980, the 
sedimentation rates of the Ambuklao 
and Binga reservoirs more than dou- 
bled. (See Table 5-3.) By the late seven- 
ties, officials already were estimating 


Table 5-3. The Philippines: 
Sedimentation Rates in Two Major 
Reservoirs, 1967-80 


Annual 
Sedimentation 
Rate 
Reservoir 1967 1980 Change 
(cubic meters 
per square 
kilometer) (percent) 
Ambuklao 3,647 8,071 +121 
Binga 2,857 5,844 +105 


AEA RS see 
source: Nicomedes D. Briones and Jose P. Castro, 
“Effective Management of a Tropical Watershed: 
The Case of the Angat River Watershed in the 
Philippines,” Water International, December 1986. 
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that silting would halve the Ambuklao 
project’s useful life.29 

Similarly, in Central America, where 
forest cover has dwindled from 60 per- 
cent of the region’s territory in 1960 to 
40 percent in 1980, erosion is rampant 
in many upland watersheds. Heavy silta- 
tion has clogged hydroelectric reser- 
voirs, irrigation canals, and coastal 
harbors. Revenue losses from sedimen- 
tation behind the 23-year-old Cachi hy- 
droelectric dam in Costa Rica have 
reached between $133 million and $274 
million.3° 


a 


In semiarid regions, shelterbelts 
can substantially reduce wind ero- 
sion and boost crop yields. 


a 


Just how much land worldwide needs 
tree cover to stabilize soil and water re- 
sources is unknown. Forestry expert 
Alan Grainger estimates that 87 million 
hectares of tropical montane watershed 
(relatively moist and cool upland areas) 
have been deforested, one third of the 
estimated original area covered by mon- 
tane forest. In 1985, an International 
Task Force of tropical forest experts 
judged that some 160 million hectares of 
upland tropical watershed have become 
severely degraded through clearing, 
overgrazing, poor crop production prac- 
tices, and other unsustainable land 
uses.3! 

Neither estimate includes areas in 
need of tree planting to guard against 
wind erosion, an important cause of land 
degradation in some arid and semiarid 
areas. In India alone, wind erosion has 
degraded an estimated 13 million hect- 
ares; degraded areas at least as large 
probably exist in China and Africa. 
Planting to protect land from the wind 
often takes the form of shelterbelts, rows 
of trees that break the wind’s erosive 
power. Only a small portion of such 
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land—perhaps a tenth or a twentieth— 
would actually need to be planted in 
trees; the remainder would benefit from 
the shelter they provide.?2 

Some ecological stabilization un- 
doubtedly could be achieved through 
means other than tree planting: Soil con- 
servation measures, including construc- 
tion of terraces and planting of grass, 
could anchor soils in some areas more 
cheaply. Nevertheless, at least 100 mil- 
lion hectares of tree planting worldwide 
appears necessary to restore and main- 
tain the productivity of soil and water 
resources. 

Reforesting so large an area—equiva- 
lent to the size of Egypt—presents a for- 
midable set of challenges. The benefits 
of planting trees for ecological reasons 
are sometimes difficult to quantify, so 
rates-of-return on project investments 
may not appear attractive. Since many of 
the direct beneficiaries of upland water- 
shed rehabilitation are located down- 
stream, who should pay for and carry out 
the reforestation? Perhaps most impor- 
tant, the worst watershed problems exist 
not in remote regions, but in areas with 
intense population pressures. Thus even 
given adequate funding and resources, 
ecological reforestation schemes are 
bound to fail if they do not at the same 
time address the needs of the people 
with no alternative but to overtax upland 
areas.33 

As indicated earlier, experience has 
shown that local people need economic 
incentives and the expectation of short- 
term gains to support and participate in 
tree planting efforts. A successful strat- 
egy for rehabilitating uplands in Nepal, 
for example, involved transferring con- 
trol of forestland from the government 
to village organizations called pan- 
chayats, and paying local people to plant 
fodder grasses and trees, thus giving 
them an immediate incentive to join in. 
Such plantings not only stabilized soils 
on denuded ‘slopes, they helped meet 
villagers’ basic needs. Livestock were 
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stall-fed, giving the slopes a chance to 
revegetate. The overall strategy proved 
successful by almost any measure: Local 
income increased, fodder became abun- 
dant, and fast-growing trees began pro- 
viding fuel within a few years.** 

An innovative project getting under 
way in Colombia tries to remedy the 
unequal distribution of benefits and 
costs inherent in many watershed pro- 
jects. Revenues from a tax on electricity 
sales from hydropower facilities will pay 
for reforestation and soil conservation 
measures in upland watersheds. Low- 
land dwellers presumably will benefit 
from reduced flooding and the protec- 
tion of their power supply, while farmers 
in the uplands gain from a more produc- 
tive and stable ecosystem.?5 

Agroforestry holds much promise for 
stabilizing soil and water resources for 
many of the same reasons it has such 
strong potential for increasing fuelwood 
supplies. In one system, for example, ni- 
trogen-fixing trees are established along 
the contours of steep slopes, and food 
crops that reduce sheet erosion are 
planted in between them. Soil collects 
behind the hedgerows of trees, forming 
natural terraces along the contours. 
Farmers in the highlands of Indonesia 
have a long tradition of planting the fast- 
growing legume leucaena in this way. By 
reducing soil erosion and increasing 
rainwater infiltration, such strategies en- 
hance upland productivity while helping 
farmers meet their needs for wood, 
food, and fodder in a sustainable man- 
ner, 36 

In semiarid regions, planting trees to 
form shelterbelts around cropland can 
substantially reduce wind erosion, en- 
hance soil moisture, and boost crop 
yields anywhere from 3 to 35 percent. 
Among the most notable windbreak pro- 
jects is that in the Majjia Valley in Niger. 
Once heavily wooded, the hills sur- 
rounding the valley had become almost 
completely denuded by the mid-seven- 
ties. Winds approached 60 kilometers 
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per hour during the dry season, and an- 
nual soil losses averaged 20 tons per 
hectare. In 1974, the villagers requested 
help from the government forestry of- 
ficer to establish a nursery of neem, a 
deep-rooted tree native to Asia that pro- 
duces wood good for both fuel and tim- 
ber, oil useful as lamp fuel, and a natural 
insecticide that helps protect crops.°7 
Government foresters and Peace 
Corps volunteers selected the best loca- 
tions for the windbreaks, but the farmers 
themselves did the planting. Although 
the trees occupied up to 15 percent of 
the cropland area, crop yields were a 
fifth above those of equal areas of un- 
protected Jand, more than compensating 
for the land taken out of cultivation. By 
1985, some 330 kilometers of windbreak 
had been planted. In The Greening of 
Africa, Paul Harrison sums up the keys to 
this project’s success: “The technology 
was appropriate and simple, the species 
well adapted to local conditions. The 
package delivered the protection that 
had been promised. The costs for the 
majority of farmers were slight. The 
benefit in increased crop production was 
rapid, and perceived by the farmers.” 38 
Rehabilitating tens of millions of hect- 
ares of degraded land will require du- 
plicating numerous times the successes 
of projects like those in Nepal and Niger. 
Such efforts—designed to benefit local 
people in the short term while stabilizing 
the resource base for the long term— 
illustrate that reforestation involves 
more than establishing plantations, and 
that trees do more than provide wood. 


FORESTS AND CARBON - 
- DIOXIDE 


Forests play a crucial role in the global 
cycling of carbon. The earth’s vegetation 
and soils hold some 2,000 billion tons of 
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Table 5-4. Estimated Net Carbon Emissions from Tropical Forests, by Region, 1980 
Estimated Share of 
Forest Net Carbon Total Carbon 
Region Cover Emissions Emissions 
(million (million 
hectares) tons) (percent) 
Tropical America 1,212 665 40 
Tropical Asia 445 621 37 
Tropical Africa 1,312 373 23 
Total 2,969 1,659 100 


yi i e sphere in 
source: R.A. Houghton et al., “The Flux of Carbon from Terrestrial Ecosystems to the Atmosp! r 
1980 Due to ie in Land Use: Geographic Distribution of the Global Flux,” Tellus, February/April 
1987; U.N. Food and Agriculture Organization, Tropical Forest Resources, Forestry Paper 30 (Rome: 1982). 


carbon, roughly triple the amount 
stored in the atmosphere. When trees 
are cleared or harvested, the carbon they 
contain, as well as some of the carbon in 
the underlying soil, is oxidized, and 
released to the air, adding to the atmo- 
spheric store of carbon dioxide (CO,). 
This release occurs rapidly if the trees 
are burned, but slowly if they decay nat- 
urally.39 

Since 1860, forest clearing has con- 
tributed some 90-180 billion tons of car- 
bon to the atmosphere, compared with 
150-190 billion tons from the burning of 
coal, oil, and natural gas. The annual 
release of carbon from the loss of forests 
probably exceeded that from fossil fuels 
until about mid-century, when the pace 
of industrialization and the use of oil 
rose markedly. By then, most clearing 
for agriculture in North America and 
Europe had ceased, and the forested 
area in those regions became fairly sta- 
ble. Today the bulk of CO, added to the 
atmosphere by land use changes comes 
from the tropics.4° 

Estimates of the amount of carbon 
released through forest clearing have 
varied greatly in recent years. At pre- 
sent, deforestation is believed to add be- 


tween 1.0 billion and 2.6 billion tons of 
carbon to the atmosphere annually, or 
between 20 and 50 percent as much as 
the burning of fossil fuels. The large 
range reflects uncertainties about the 
rates of forest conversion, the extent of 
forest regrowth after clearing, and the 
amount of carbon stored in the vegeta- 
tion and soils of different types of for- 
ests. Only 100 million tons of the total 
comes from temperate and boreal for- 
ests; the rest derives from the tropics.*! 

Using the best available knowledge of 
forest clearing rates and carbon stocks, 
Richard Houghton of the Woods Hole 
Research Center in Massachusetts and 
his colleagues have painted a useful pic- 
ture of the geographic distribution of 
carbon emissions from land use 
changes. (See Table 5-4.) Based on the 
midpoints of estimated ranges, 40 per- 
cent of the total net release of carbon 
from land conversion comes from tropi- 
cal America, 37 percent from tropical 
Asia, and 23 percent from tropical 
Africa. Just five countries account for 
half of all net carbon releases from 
deforestation, and the loss of forests m 
Brazil alone contributes one fifth of the 
total. (See Table 5-5.) 
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Table 5-5. Estimated Net Carbon 
Emissions from Tropical Forests, by 


Country, 1980 
Net Carbon Share of 
Country Emissions! Total 
(million tons) (percent) 

Brazil 336 20 
Indonesia 192 12 
Colombia 123 7 
Côte d'Ivoire 101 6 
Thailand 95 6 
Laos 85 5 
Nigeria 60 4 
Philippines 57 3 
Burma 51 3 
Peru 45 3 
Ecuador 40 3 
Vietnam 36 2 
Zaire 35 2 
Mexico 33 2 
India 33 2 
Others 337 20 

Total 1,659 100 


le 

‘Figures are midpoints of estimated ranges; the 
estimated total net release from tropical forests 
ranges from 900 million to 2.5 billion tons. 
source: R.A. Houghton et al., “The Flux of Car- 
bon from Terrestrial Ecosystems to the Atmo- 
sphere in 1980 Due to Changes in Land Use: 
Geographic Distribution of the Global Flux,” Tel- 
lus, February/April 1987. 


Although the cutting and burning of 
forests clearly adds significantly to CO3 
buildup, the way remaining forests 
worldwide respond both to the buildup 
itself and to the resulting planetary 
warming could exert an even greater in- 
fluence on the earth’s future climate. 
Higher CO, levels might enhance the 
growth of trees, causing them to remove 
more carbon from the atmosphere, 
which in turn would dampen the warm- 
ing. Greenhouse operators take advan- 
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tage of this fertilizing effect to boost 
crop production; they set the CO, con- 
centration in greenhouse air two to three 
times higher than in the natural atmo- 
sphere. So far, however, no convincing 
evidence suggests that natural forests 
would respond in this way.*? 

A second way forests might respond 
has more ominous implications. Ecolo- 
gist George Woodwell suggests that ris- 
ing temperatures from the buildup of 
CO, and other greenhouse gases could 
substantially increase the respiration 
rates of trees, especially in the middle to 
higher latitudes where the temperature 
rise will be most pronounced. When res- 
piration outpaces photosynthesis, trees 
release more carbon dioxide to the at- 
mosphere than they remove, as those in 
seasonal forests do during autumn and 
winter when they lose their leaves. A 
temperature-induced increase in respi- 
ration could cause a significant addi- 
tional release of CO,, reinforcing the 
very buildup that initiated the warm- 
ing.*3 

If respiration exceeded photosynthe- 
sis for an extended period, trees would 
stop growing, and ultimately die. New 
species better adapted to the altered cli- 
mate eventually would replace the old 
ones, but for several decades trees might 
die off with little replacement. A large- 
scale forest die-off could release enor- 
mous amounts of carbon to the atmo- 
sphere—perhaps hundreds of billions of 
tons, Woodwell maintains, depending 
on the speed of the warming. According 
to Woodwell, “the sudden destruction 
of forests by air pollution, now being ex- 
perienced in northern and central 
Europe and in the eastern mountains of 
North America, is but a sample of the 
destruction that appears to be in 
store.”44 

Woodwell’s scenario might never be- 
come reality. Indeed, ecologists do not 
yet agree on how forests will respond to 
climate change, or even on whether that 
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response will add CO, to the atmo- 
sphere or remove it. Another possibility, 
for example, is that higher temperatures 
would increase rates of organic decom- 
position, which in turn would release nu- 
trients to the soil and thus potentially 
boost the productivity of trees. Since 
trees would be growing faster, they 
would remove more CO, from the atmo- 
sphere, thus mitigating the warming. 
The uncertainty about forests’ response 
to the warming looms large, since the 
potential for a strong feedback—positive 
or negative—clearly exists.*® 

Since the ongoing loss of forest cover 
contributes significantly to the CO, 
buildup, concerted efforts to protect ex- 
isting forests and to plant more trees 
could help slow it. It is unfair to expect 
developing countries to invest substan- 
tial resources in tree planting solely to 
ward off global warming. More immedi- 
ate needs—including handling massive 
amounts of debt—command a higher 
priority. Yet satisfying rising fuelwood 
demands and stabilizing soil and water 
resources are among the pressing needs 
many countries face; planting trees for 
these purposes would have the added 
benefit of sequestering more carbon 
from the atmosphere. 

Previous sections of this chapter pro- 
vide ballpark estimates of reforestation 
needed for fuelwood and ecological re- 
habilitation of 55 million hectares and 
100 million hectares, respectively. A 
larger area would actually be involved, 
since many of the trees presumably 
would be planted on and around farms 
as part of agroforestry systems rather 
than in concentrated plantations. Obvi- 
ously, some planting to meet fuelwood 
needs would also serve to stabilize soil 
and water resources, but at this stage the 
extent of overlap is impossible to judge. 
Assuming 30 million hectares of overlap 
leaves the equivalent of 120 million hect- 
ares of planting. 

One additional adjustment is neces- 
sary. Some of the trees planted for fuel- 
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wood would yield little carbon-fixing 
benefit, since the carbon they accumu- 
late during growth would quickly be 
released to the atmosphere when they 
were burned. A large share of the es- 
timated 55-million hectares of planting 
for fuelwood, however, aims to make 
fuelwood use sustainable by ensuring 
that new growth exceeds cutting. Ex- 
trapolating from FAO estimates of 
unmet demand for wood in 1980, it is 
reasonable to assume that 20 percent 
(about 10 million hectares) of fuelwood 
planting would be burned in the short 
term, while 80 percent (about 45 million 
hectares) would expand the resource 
base and thereby enhance carbon stor- 
age. Virtually all the area planted for 
ecological stabilization would yield car- 
bon-fixing benefits. Thus the total area 
providing this service would be approxi- 
mately 110 million hectares.*® 

How much would terrestrial carbon 
emissions be reduced as a result of these 
110 million hectares? Too many uncer- 
tainties exist to answer this question ac- 
curately, but some back-of-the-envelope 
calculations can shed light on reforesta- 
tion’s potential role in mitigating the 
CO, buildup. 


It is unfair to expect developing 
countries to invest substantial re- 
sources in tree planting solely to 
ward off global warming. 


OOS EE ———————— 


A fairly fast-growing tropical hard- 
wood species yields on the order of 
10-14 tons of biomass per hectare pet 
year, depending on age and harvest 
schedule. Half that weight—about 6 tons 
per hectare—is carbon that has been as- 
similated from the atmosphere through 
photosynthesis. Reforestation woul 
also increase the amount of carbon 
stored in soils. In shifting cultivation sys- 
tems in tropical Asia, for example, sol 
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carbon increases an average of about 
one ton per hectare per year during the 
fallow phase, the period of tree re- 
growth. Soils beneath trees planted for 
fuelwood or ecological stability would 
store a similar amount, but possibly 
somewhat less if litter were removed for 
fuel or fodder. Assuming conservatively 
that soil carbon storage would increase 
about a half-ton per hectare annually on 
reforested land, the total carbon-fixing 
benefit of tree planting would be 6.5 
tons per hectare per year.*7 

At that rate, the equivalent of 110 mil- 
lion hectares of trees would sequester 
roughly an additional 700 million tons of 
carbon annually until the trees reach ma- 
turity, reducing net carbon releases from 
tropical terrestrial systems by 41 percent 
(assuming, that is, a current net release 
of 1.7 billion tons). Of course, concerted 
efforts to slow deforestation would also 
be a crucial component of any strategy to 
limit carbon emissions from tropical 
lands. Halving the CO, contribution 
from deforestation in Brazil, Indonesia, 
Colombia, and Céte d’Ivoire, for exam- 
ple, would cut total net carbon releases 
from tropical forests by more than a 
fifth. Together, that achievement and 
the carbon storage benefits from 110 
million hectares of trees could reduce 
net carbon emissions from tropical lands 
by nearly two thirds. Stepped-up plant- 
ing to meet industrial wood needs (a 
topic not addressed in this chapter) 
would mitigate the carbon dioxide 
buildup even further. 

Houghton and his colleagues estimate 
that at present the only regions in which 
terrestrial ecosystems are accumulating 
more carbon each year than they are 
releasing are Europe and, possibly, 
Japan and South Korea. Abandonment 
of a significant share of cropland and the 
replanting and regrowth of trees has put 
Europe on the positive side of the terres- 
trial CO, ledger. Europe’s estimated ac- 
cumulation of carbon in 1980 nearly 
offset carbon releases from deforesta- 
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tion in India. Continued forest damage 
from air pollution and acid rain, how- 
ever, could turn the region's terrestrial 
systems again into a net CO, contribu- 
tor.48 

In the United States, actions taken as 
a result of the Food Security Act of 1985 
should augment the nation’s terrestrial 
store of carbon. The act created a Con- 
servation Reserve under which some 16 
million hectares of cropland are to be 
taken out of production from 1986 
through 1990 and planted in trees or 
grass. A hectare of temperate woodland 
or grassland stores on the order of 
40-45 tons more carbon than a hectare 
of cultivated cropland. Assuming a 
yearly net carbon-fixing rate of 2 tons 
per hectare as the land undergoes con- 
version, the 16 million hectares placed in 
the reserve would assimilate a total of 32 
million tons of carbon annually for. the 
next couple of decades. As U.S. and Ca- 
nadian lands were estimated to contrib- 
ute 25 million tons of carbon to the at- 
mosphere in 1980, the Conservation 
Reserve might make North American 
terrestrial systems a net sink for car- 
bon.*° 

Incomplete knowledge of the carbon 
cycle necessarily makes these figures 
more illustrative than definitive. 
Nonetheless, they do suggest that efforts 
to preserve existing tropical forests and 
to plant trees—important for a host of 
other reasons—can make a positive con- 
tribution to mitigating the buildup of 
carbon dioxide in the atmosphere. 


MOBILIZING FOR 
REFORESTATION 


Nature employs a wide variety of meth- 
ods for expanding tree cover: coconuts 
that float between tropical islands, aero- 
dynamic seeds, and luscious fruits that 
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attract animal carriers. Strategies equally 
diverse and ingenious are needed to mo- 
bilize human energy and financial re- 
sources for tree planting sufficient to sat- 
isfy fuelwood needs, stabilize soil and 
water resources, and slow the carbon di- 
oxide buildup. As with nature’s seed-dis- 
persal strategies, the key to success is 
designing planting programs that fit the 
particular niche—the economic, social, 
and cultural setting—in which people 
live and work. 

Tree planting programs are most ef- 
fective when local people are involved in 
their planning and implementation and 
perceive their own interest in success. If 
fodder is a critical need, for example, a 
project that promotes a nonbrowsable 
species like eucalyptus will receive little 
popular support. Knowledge of villag- 
ers’ access to cash, seasonal patterns of 
labor, and preferences for tree species is 
also crucial. Designing a reforestation 
project without local input is like letting 
a doctor prescribe treatment without 
asking the patient what hurts. 

Not surprisingly, given their emphasis 
on grassroots participation, interna- 
tional nongovernmental organizations 
(NGOs) have orchestrated some of the 
most successful reforestation projects to 
date. Funneling more aid through them 
rather than official channels could im- 
prove reforestation’s prospects. Groups 
such as CARE in the United States and 
Oxfam in the United Kingdom have 
flexibility and local-level experience that 
government forest departments often 
lack, making them useful agents for en- 
couraging rural tree planting. 

In one farsighted program, for in- 
stance, the U.S. Agency for International 
Development (AID) contracted with 
CARE and the Pan American Devel- 
opment Foundation to encourage 
agroforestry and tree farming in Haiti. 
The project’s success—which included 
planting more than 27 million seedlings 
between 1982 and 1986—stemmed in 
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part from the value and efficiency of 
working through NGOs that had grass- 
roots networks already in place.5° 

Much could also be gained by rein- 
forcing the efforts of small, local NGOs. 
Around the world, women’s associa- 
tions, peasant collectives, and church 
groups have taken up tree planting; in 
Kerala, India, alone some 7,300 organi- 
zations are involved. Because local 
groups reflect the true needs, abilities, 
and limitations of their community, their 
projects are more likely to succeed, 
given adequate resources and technical 
assistance. In Kenya, for example, the 
Greenbelt Movement—sponsored by 
the National Council of Women of 
Kenya—has involved more than 15,000 
farmers and a half-million schoolchil- 
dren in establishing 670 community 
nurseries and planting more than 2 mil- 
lion trees.5! 

Understandably, international donors 
are reluctant to deal with numerous 
small organizations that can each absorb 
only limited funds. But the outstanding 
performance of groups like the Green- 
belt Movement highlights the impor- 
tance of supporting such efforts. One 
option is for donors to channel funds 
through an umbrella organization that in 
turn distributes money to local projects; 
KENGO (Kenyan Energy NGOs), a con- 
sortium of 60 smaller groups, plays just 
such a role.52 

Even when aid goes through govern- 
ment channels, reforestation efforts 
could benefit from more innovative €x- 
tension strategies. Most early projects 
were unsuccessful in transforming for- 
esters into rural extension agents. It 
proved difficult to dispel the notion that 
foresters protect forests from villagers 
rather than encourage people’s involve- 
ment in tree planting. y 

Experience in Asia suggests that vil- 
lage “motivators” or existing agricul- 
tural extension agents may be better po- 
sitioned than foresters to advance rural 
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tree planting, especially in the context of 
agroforestry. World Bank projects in 
Kenya, India, and Malawi now have for- 
esters train agricultural workers about 
multipurpose tree species. In Thailand, 
AID has pioneered the use of nongov- 
ernmental “interface teams,” groups of 
three people—including one woman 
and one ethnic minority—who go to live 
in a village as community organizers. 
The emphasis in this approach on reach- 
ing women is an essential yet often ig- 
nored aspect of forestry outreach. 

Even the best project designs, how- 
ever, will not improve prospects for ac- 
celerated planting unless reforestation 
becomes a development priority. For 
decades, forestry has been the poor step- 
child of development agendas emphasiz- 
ing agricultural projects and capital-in- 
tensive energy schemes. Developing 
countries traditionally have undervalued 
forestry because national accounting 
schemes often ignore the ecological and 
social benefits of forests. A World Bank 
survey of more than 60 countries found 
that forestry budgets accounted for less 
than 2 percent of the combined govern- 
ment outlays for energy and agriculture. 
International donors likewise have shied 
away from forestry investments, prefer- 
ring projects with quick, certain, easily 
quantifiable benefits. From 1980 
through 1984, the major development 
banks allocated less than 1 percent of 
their annual financing to forestry, and 
the U.N. Development Programme 
(UNDP), only 2 percent.®4 

The late 1985 launch of the Tropical 
Forestry Action Plan, however, holds 
promise of elevating forestry to its right- 
ful place among development priorities. 
Jointly sponsored by FAO, UNDP, the 
World Resources Institute, and the 
World Bank, the plan calls for ac- 
celerated investments of $8 billion over 
five years in tree planting projects and 
efforts to arrest deforestation. Develop- 
ment assistance organizations are to 
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contribute half the needed funding 
($800,000 a year), with the remainder 
coming from national governments and 
the private sector.55 


For decades, forestry has been the 
poor stepchild of development 
agendas. 


Already the Action Plan has stepped 
up global funding for forestry and 
spawned increased cooperation among 
development agencies. The World 
Bank, the Asian Development Bank, and 
several bilateral aid agencies plan to 
more than double their annual assist- 
ance to forestry. Collectively, global aid 
contributions to forestry are likely to in- 
crease from roughly $600 million in 
1984 to over $1 billion in 1988.5° 

Ultimately, however, the response of 
developing-country governments will 
determine the impact of the Action Plan. 
International initiatives are only as 
strong as the national initiatives they in- 
spire. Both South Korea and China have 
demonstrated that strong political com- 
mitment together with charismatic lead- 
ership and adequate resources are nec- 
essary prerequisites for successful 
national campaigns to increase tree 
cover. Yet recent trends in China sug- 
gest that even then, achieving an expan- 
sion of tree cover in the face of increas- 
ing demand for forest products presents 
a formidable challenge. 

Official statistics claim that between 
1948 and 1978, the Chinese successfully 
established trees on roughly 33 million 
hectares, and forest cover increased 
from 8.6 to 12.7 percent of the nation’s 
land. During the eighties, however, this 
effort appears to have lost ground, Be- 
tween 1979 and 1983, forest cover de- 
clined by 5 million hectares. Annual 
plantings of more than 4 million hect- 
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ares apparently could not keep pace with 
the growing demand for timber sparked 
by the economic reforms of 1979. For 
the first time, rural people were allowed 
to build their own homes, and over half 
the rural households did. From 1981 
through 1985, housing construction 
alone consumed a total of 195 million 
cubic meters of timber, about a year’s 
growth from all of China's forests.°7 

In 1985, annual planting in China 
doubled to 8 million hectares, giving 
renewed cause for optimism. Tree sur- 
vival rates that had averaged only 30 per- 
cent also may be improving, since the 
government now allows peasants to own 
the trees they plant. China seems un- 
likely to achieve its ambitious target of 
20-percent forest cover by the year 
2000, but the combination of increased 
planting and better management, if sus- 
tained, could mean the nation’s tree 
cover resumes its upward trend.58 

India’s Rajiv Gandhi recently joined 
the ranks of political leaders who have 
elevated reforestation to the level of a 
national crusade. Recognizing that 
deforestation had brought his nation 
“face to face with a major ecological and 
socio-economic crisis,” Prime Minister 
Gandhi assigned forestry a central place 
in his development agenda for 1985-90. 
He almost tripled funding for forestry, 
reorganized his Ministries to give for- 
estry new prominence, and created a Na- 
tional Wastelands Development Board 
to spearhead a “‘peoples’ movement for 
afforestation.” Significantly, Gandhi 
recognizes that local people are India’s 
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greatest resource for reforestation. He 
has authorized the Development Board 
to distribute funds directly to schools, 
women’s groups, and other NGOs for 
tree planting and peoples’ nurseries.5? 

The positive effect of political leader- 
ship like Gandhi’s could be multiplied by 
increased attention to basic forest re- 
search. Progress lies not simply in plant- 
ing more trees, but in improving the 
productivity, usefulness, and survival of 
those that are planted. A focused effort 
on breeding multipurpose trees that en- 
dure droughts and grow well in marginal 
environments could greatly improve 
prospects for successful reforestation. 
Unfortunately, forestry research in the 
Third World is currently under- 
developed, underfunded, and highly 
skewed toward improving processed for- 
est products. Relatively little effort goes 
to forest protection, ecosystem stability, 
or tree breeding.®° 

Indeed, what is needed in the coming 
decade is an effort somewhat akin to the 
agricultural Green Revolution of the six- 
ties: a dedication to developing geneti- 
cally improved tree species and to ex- 
tending widely the technical and 
financial resources for reforestation. 
Forestry’s Green Revolution, however, 
needs to promote indigenous tree spe- 
cies and diversified agroforestry sys- 
tems, and must strive to benefit margin- 
alized populations, including the 
landless. Accelerated planting that does 
not benefit the poor only masquerades 
as success. 
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Avoiding a Mass 
Extinction of Species 
Edward C. Wolf 


A dozen times in the last 600 million 
years, the earth’s biological character 
has undergone abrupt changes. Fossil 
evidence reveals that large numbers of 
animal species disappeared from the 
evolutionary record during these epi- 
sodes of “mass extinction.” 

Causes ranging from climate changes 
to cataclysmic asteroid impacts have 
been proposed to account for these pre- 
historic mass extinctions. But while 
scientists debate the causes, they agree 
that widespread extinctions are rare 
events, remote from human experience. 
Nearly 14 million years have passed 
since the last worldwide die-off of ocean- 
dwelling organisms. Even the most re- 
cent global extinction episode, during 
which mammals including woolly mam- 
moths and saber-toothed cats went ex- 
tinct, occurred millennia before the 
dawn of civilization. 

The earth is again poised on the brink 
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Conserving the Diversity of Life. 


of a global extinction crisis. This one, 
however, is being set in motion by 
human activities. The human popula- 
tion, now over 5 billion, is expected to 
nearly double in the next four decades. 
Worse, most of the expansion to 10 bil- 
lion and beyond will occur in developing 
countries, where human poverty and bi- 
ological wealth seem locked in a tragic 
embrace. 

Tropical forests, which harbor a dis- 
proportionate share of the earth’s bio- 
logical diversity, are the focus of concern 
about mass extinction today. The out- 
right clearing of tropical forests by set- 
tlers in search of land for cultivation and 
by commercial logging operations pro- 
ducing timber for trade and domestic 
needs may directly cause the extinction 
of one fifth of all plant and animal spe- 
cies by destroying their habitat. 

‘As roads, dams, and other forms of 
development fragment wilderness €x- 
panses such as the Amazon Basin and 
the vast watershed of the Zaire River, 
innumerable extinctions will occur. Hab- 
itat fragmentation is an indirect but per- 
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vasive cause of extinction as small popu- 
lations of plants and animals are iso- 
lated, and as inbreeding and other dam- 
aging genetic effects begin to take their 
toll. And the insidious degradation of 
forests and soils linked to acid rain and 
air pollution, already a widespread prob- 
lem in industrial countries and a grow- 
ing risk in parts of the Third World, 
compounds the stresses on species and 
dims the prospect for the recovery of di- 
versity» 


Designating parks—a static solu- 
tion to a dynamic problem—is no 
longer enough to avert a mass ex- 
tinction. 


e 


Many scientists believe that a larger 
share of the earth’s plant and animal life 
will disappear in our lifetime than was 
lost in the mass extinction that included 
the disappearance of the dinosaurs 65 
million years ago. It is likely to be the 
first time in evolution’s stately course 
that plant communities, which anchor 
ecosystems and maintain the habitability 
of the earth, will also be devastated. The 
U.S. National Research Council warned 
in 1980 that “the ramifications of an eco- 
logical change of this magnitude are so 
far reaching that no one on earth will 
escape them,’’2 

Creating parks and reserves free from 
human interference has long been con- 
sidered the key to conserving plants and 
animals. Today, 425 million hectares of 
land in some 3,500 areas worldwide 
enjoy various degrees of protection. 
UNESCO's Man and the Biosphere Pro- 
gram coordinates a global network of 
252 “biosphere reserves” in 66 coun- 
tries. The network is intended to protect 
an intact example of each of the earth’s 
ecological zones, called biogeographic 
or biotic provinces, and to reconcile 
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their preservation with the economic 
needs of surrounding communities.3 

But designating parks—a static solu- 
tion to a dynamic problem—is no longer 
enough to avert a mass extinction. Per- 
haps as much as 1.3 billion hectares 
would have to be set aside to conserve 
representative samples of all the earth’s 
ecosystems. Although additional land 
should be preserved, more scientific sur- 
veys of remaining wild areas must be un- 
dertaken to find out what species remain 
at risk. Degraded lands should be 
rehabilitated in an effort to reconstitute 
the diversity they have lost. An innova- 
tive strategy encompassing both preser- 
vation and active ecosystem restoration 
is needed to minimize the global extinc- 
tion crisis.4 


THE FRAYING WEB oF LIFE 


Ecologists agree that a direct relation- 
ship exists between the area occupied by 
natural habitat and the number of spe- 
cies that habitat can sustain. This spe- 
cies-area relationship is a key concept of 
what biologists call “the equilibrium the- 
ory of island biogeography.” First pro- 
posed to explain species changes ob- 
served on islands, the theory is being 
tested in many different ecosystems, and 
studies have confirmed that reducing 
habitat size increases species’ risk of ex- 
tinction. Thus, data on the distribution 
and abundance of known species can be 
analyzed using biogeographic theory to 
anticipate the disappearance of plant 
and animal species as natural habitats 
shrink.5 

Although each ecosystem has a char- 
acteristic complement of species, within 
any one system—a forest, for example— 
more plant and animal species will be 
found in 100 hectares than in 10. The 
same relationship holds on islands, with 
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Table 6-1. Projected Plant Extinctions in Latin American Rain Forests 


Equilibrium Number Share of 


Estimate of 
Scenario Forest Area 
(million 
hectares) 
Original Forest 693.0 
End of Century 366.0 
Worst Case! 9.7 


of Species Species Lost 
(percent) 
92,128 — 
78,534 15 
31,662 66 


lAssuming only areas currently designated as parks and reserves remain intact. 
source: Adapted from Daniel Simberloff, “Are We on the Verge of a Mass Extinction in Tropical Rain 
Forests?” in David K. Elliot, ed., Dynamics of Extinction (New York: John Wiley & Sons, Inc., 1986). 


small ones containing fewer species than 
large islands do. But an island such as 
Puerto Rico holds fewer species than a 
Puerto Rico-sized patch in the midst of 
continuous Amazon rain forest. As that 
forest is reduced to isolated fragments 
by farmers and ranchers, the fragments 
lose species just as if the surrounding 
land were flooded. 

Daniel Simberloff of Florida State Uni- 
versity used biogeographic theory to 
consider whether we are on the verge of 
a mass extinction in tropical rain forests. 
His study dealt with the plants and birds 
of the Latin American tropics, for which 
reasonably thorough species lists have 
been compiled. Simberloff found that 
if Latin American forests contract to 
52 percent of their original extent by 
the end of this century, as is consistent 
with current estimates of population 
growth and forest clearing, 15 per- 
cent of the forest plant species—about 
13,600 kinds of plants—will be lost be- 
fore a new biological equilibrium is 
reached. (See Table 6-1.) And the 
Amazon Basin would support 12 per- 
cent fewer bird species by then. If the 
worst case unfolds and only the forest 
in established parks and protected areas 
remains, as many as 66 percent of the 
plant species in the Latin American tro- 
Pics and 70 percent of the bird species 


in the Amazon will eventually be lost.® 

Latin American forests, particularly 
those in the Amazon Basin, have so far 
sustained much less pressure and exploi- 
tation than other regions. The original 
forests of parts of Central America, 
Southeast Asia, and West Africa have al- 
ready been more than 90 percent 
cleared. Thousands of their native spe- 
cies of insects, plants, and animals have 
undoubtedly already been lost, and tens 
of thousands more are immediately at 
risk. In these regions, the extinction cri- 
sis has already reached historical pro- 
portions.” 

The same biological rules apply in 
temperate latitudes. In North America, 
for example, national parks considered 
the last refuge for some of the conti- 
nent’s most distinctive wildlife are prov- 
ing inadequate to the task. Ecologist 
William Newmark surveyed these parks 
and found an alarming incidence of local 
extinctions of mammal species in all but 
the largest. (See Table 6-2.) i 

Like the fragments of forest in tropical 
latitudes, habitats in temperate zones 
lose species even when they are pro- 
tected from the direct pressures of hunt- 
ing or poaching. Many parks are simply 
too small to maintain populations suffi- 
cient to ensure species survival. As eco- 
logical theory predicts, the smallest 
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Table 6-2. Habitat Area and Loss of 
Large Animal Species in North American 
National Parks, 1986 


Original 
Park Area Species Lost 
(square 
kilometers) (percent) 
Bryce Canyon 144 36 
Lassen 426 43 
Volcano 
Zion 588 36 
Crater Lake 641 31 
Mount Rainier 976 32 
Rocky 1,049 31 
Mountain 
Yosemite 2,083 25 
Sequoia-Kings 3,389 23 
Canyon 
Glacier- 4,627 7 
Waterton 
Grand Teton- 10,328 4 
Yellowstone 
Kootenay- 20,736 0 
Banff-Jasper- 
Yoho 


douRce: Racal DO Wha 
SOURCE: Based on William D. Newmark, “A Land- 
Bridge Island Perspective on Mammalian Extinc- 
tions in Western North American Parks,” Nature, 
January 29, 1987. 


parks have lost the greatest share of their 
original mammal species, but even very 
large parks such as Rocky Mountain 
and Yosemite have lost between a 
quarter and a third of their native mam- 
mals.8 

The disappearance of animals from 
national parks occurred so slowly that 
the local extinctions went unnoticed by 
park rangers. It is not clear to what ex- 
tent bird and plant species will also be 
affected. According to Newmark, “The 
big question now is how many species 


can we expect to disappear and what is 
the time period.”9 
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A GLOBAL SPECIES CENSUS 


When Charles Darwin and his compan- 
ions aboard H.M.S. Beagle made a land- 
fall near Bahia, Brazil, in 1831, the 
coastal rain forest they encountered left 
a lasting impression. Darwin wrote in his 
journal: “Delight . . . is a weak term to 
express the feelings of a naturalist who, 
for the first time, has wandered by him- 
self into a Brazilian forest. The elegance 
of the grasses, the novelty of the parasiti- 
cal plants, the beauty of the flowers, the 
glossy green of the foliage, but above all 
the general luxuriance of the vegetation, 
filled me with admiration.’”!° 

Darwin’s successors have done much 
to augment that awe with scientific 
knowledge. Yet a century and a half after 
the Beagle’s voyage, vast areas of igno- 
rance remain. Only 500,000 of the 1.4 
million identified species of plants, ani- 
mals, and other organisms worldwide 
are native tropical species. Yet biologists 
believe that a bare minimum of 3 million 
species live in the tropics alone. No more 
than one in six is known.!! 

Even more striking is the uncertainty 
surrounding the total diversity of life. 
Until just a few years ago, biologists be- 
lieved that the earth sustained between 3 
million and 5 million species of all living 
organisms. Recent studies in tropical 
forests suggest that there may be 30 mil- 
lion species of insects alone. According 
to Edward O. Wilson of Harvard Univer- 
sity, “We do not know the true number 
of species on Earth even to the nearest 
order of magnitude.” 12 ; 

Because so many of the species facing 
extinction are completely unknown, 
their biological importance remains a 
mystery and their potential value to soci- 
ety, an open question. One isolated 
ridgetop in the Andean foothills of west- 
ern Ecuador, only 20 square kilometers 
in size, lost as many as 90 unique plant 
species when the last of its forest was 
cleared to plant subsistence crops. The 
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Table 6-3. Known and Estimated Diversity of Life on Earth 


Form of Life Known Species 


Estimated Total Species 


eS eee Ls EE 
30 million insect species, extrapolated from 


Insects and Other 989,761 
Invertebrates 
Vascular Plants 248,400 
Fungi and Algae 73,900 
Microorganisms 36,600 
Fishes 19,056 
Birds 9,040 
Reptiles and Amphibians 8,962 
Mammals 4,000 
Misc. Chordates! 1,273 
Total 5 1,390,992 


surveys in forest canopy in Panama; most 
believed unique to tropical forests. 


At least 10-15 percent of all plants are 
believed undiscovered. 


Not available. 
Not available. 


21,000, assuming that 10 percent of fish 
remain undiscovered; the Amazon and 
Orinoco Rivers alone may account for 
2,000 additional species. 


Known species probably account for 98 
percent of all birds. 


Known species of reptiles, amphibians, and 
mammals probably constitute over 95 
percent of total diversity. 


Not available. 
10 million species considered a 


conservative count; if insect estimates are 
accurate, the total exceeds 30 million. 


‘Animals with a dorsal nerve chord but lacking a bony spine. 


sources: Edward O. Wilson, Museum of Compara 
private communications, February 22, March 19, an 
of Biological Diversity” (unpublished), Missouri Botanical Garden, St. Louis, Mo., 1987; insect figures from 
Terry Erwin, National Museum of Natural History, Smithsonian Institution, Washington, D.C., private 


communication, February 13, 1987. 


medicines and foods they may have har- 
bored will never be known. Such unin- 
tentional extinctions are by far the rule, 
not the exception.!8 


Insects and plants account for four out 


of five species identified so far. (See 
Table 6-3.) Yet insects remain by far the 
Most undercounted group. Mammals, 
which have been thoroughly inven- 
toried, constitute just three tenths of 1 
percent of all known organisms. All 


tive Zoology, Harvard University, Cambridge, Mass., 
d March 20, 1987; Peter H. Raven, “The Significance 


known vertebrates account for less than 
3 percent. And despite the research de- 
voted to organisms of direct interest to 
humanity, substantial gaps remain even 
among the best-known groups. Ten per- 
cent of all flowering plants and fishes 
have yet to be discovered and described. 
Since so little is known about the earth’s 
biological fabric, the consequences of 
losing biological diversity cannot be 
forecast with confidence. 
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Comprehensive efforts are needed to 
identify and describe tropical species in 
the natural environment that remains to 
them. From a purely numerical stand- 
point, this means more extensive cata- 
loging of insects, invertebrates, and 
plants. One scientist who has devoted 
his career to this work is entomologist 
Terry Erwin, director of the Biological 
Diversity Program of the Smithsonian 
Institution. 

Because most forest insects live in 
treetops, Erwin developed new tech- 
niques to sample and record the nearly 
inaccessible canopy life of lowland rain 
forests in Central America and the Ama- 
zon Basin. He and his colleagues spray 
through the canopy a mist of pyrethrum, 
a biodegradable pesticide that kills in- 
sects without harming birds, mammals, 
or plants. The insects are collected ona 
tarpaulin as they fall to the ground. 
Once they are counted and identified, 
the percentage of new species is cal- 
culated. Using these methods, Erwin has 
found that one hectare of Peruvian for- 
est can yield 41,000 species of insects, 
more than a quarter of them beetles.14 

Similar studies conducted in lowland 
tropical forests in Panama led Erwin to 
estimate that there may be as many as 30 
million species of insects in tropical for- 
ests worldwide. Collections from the 
tangled canopy of the Tambopata Wild- 
life Reserve in the Peruvian Amazon re- 
veal that treetop insects there are often 
highly localized: Four out of 
collected live exclusi i 
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17 countries to study and identify the 
insects in Dumoga-Bone Reserve. The 
scientists of Project Wallace, as the effort 
was called, collected insects from the 
canopy and forest floor throughout 
1985, and devoted the following year to 
species identification and lab work,16 


The lack of a global biological in- 
ventory remains a central gap in 
our understanding of the bio- 
sphere. 


Se E 


The forests of the Dumoga-Bone wa- 
tershed act as a giant sponge controlling 
the water supply for a large rice irriga- 
tion project downstream. The reserve it- 
self was created with the help ofa World 
Bank loan in order to control siltation in 
the irrigation canals and protect the 
fields from flooding. Although the 
Bank's primary concern was the stability 
of water supplies, Project Wallace re- 
vealed intricate ecological connections 
between farm and forest that could 
shape Sulawesi’s agricultural future as 
decisively as water availability. 

Green leafhoppers, for example, carry 
viruses that can decimate rice harvests. 
Since Jeafhoppers’ natural habitat is 
treetops, scientists looked there to study 
their behavior and find natural preda- 
tors. Biological controls based on these 
Predators might keep the leafhoppers ın 
check and sustain rice harvests without 
incurring the risks and costs of chemical 
Pesticides. (See Chapter 7.)!7 

Although the value of such local spe- 
cies Surveys is evident, and pioneering 
techniques are pushing back the fron- 
tiers of knowledge about biological di- 
versity, the lack of a global biological in- 
ventory—like surveys of the world’s 
forests and soils—remains a central gap 
in our understanding of the biosphere. 
No country has yet conducted an €x- 
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haustive national biological survey, and 
Ouo Solbrig of Harvard University 
points out that there is “no consensus as 
to what kind of data should be collected 
and how.”!8 

In 1980, the Committee on Research 
Priorities in Tropical Biology of the U.S. 
National Academy of Sciences advocated 
a crash program of expanded training 
for systematic biologists, proposed in- 
creased financial support for invento- 
ries, and identified 11 tropical areas of 
special priority for study. These sugges- 
tions of the first modest steps toward a 
global species census, neglected for 
eight years, deserve renewed considera- 
tion by the world scientific community, *° 


STUDYING TROPICAL 
ECOSYSTEMS 


As unknown species are discovered and 
named, and new findings flood the few 
journals devoted to tropical biology, 
scientists must piece observations to- 
gether like a jigsaw puzzle to form a co- 
herent picture of conservation priorities. 
Conservation biology, a discipline less 
than a decade old, has emerged to fill 
this role. This “science of scarcity and 
diversity” is an eclectic blend of genet- 
ics, ecology, and natural resource man- 
agement designed to guide conservation 
decision making.?° 

_ Some pioneering projects in conserva- 
tion biology are already reshaping scien- 
tists’ ideas about extinction and its 
consequences. In the Amazon Basin 


near Manaus, Brazil, the World Wildlife, 


Fund and Brazil’s National Institute for 
Amazonian Research launched the Mini- 
mum Critical Size of Ecosystems project 
in 1979, As described in State of the World 
1985, Brazilian law requires that half the 
land in new cattle ranches remain for- 
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ested; researchers worked with local 
ranchers as they cleared grazing land to 
create a set of forest reserves ranging in 
size from 1 to 10,000 hectares. This 
huge experiment allows biologists to 
monitor the process of extinction and 
species change when patches of habitat 
are isolated from once-continuous for- 
ese} 

The Minimum Critical Size project 
will reveal for the first time the rates and 
patterns of species loss as the ecosystem 
approaches new equilibrium popula- 
tions of plants and animals. Studies in 
the various reserves focus on two key 
questions: Are species lost in any pre- 
dictable order? Will fragments of the 
same size end up with the same array of 
species? Measurable changes have al- 
ready occurred in the smaller reserves; 
as observations from the large fragments 
begin to fill in the picture, the studies 
will help scientists and policymakers col- 
laborate on the design and location of 
preserves that can best protect the Ama- 
zon’s spectacular diversity.?? 

Similar studies are needed in every 
type of habitat on every continent—a 
goal beyond the present capacity of the 
scientific community. Furthermore, 
once the biological changes in the larg- 
est forest fragments have been analyzed 
to the point that firm conclusions can be 
drawn, perhaps decades down the road, 
it may be too late to prevent comparable 
species losses in many areas. ch 

Warning of “a permanent alteration 
in the course of evolution on a global 
scale through a drastic decline in genetic 
diversity,” the National Academy of 
Sciences set an ambitious agenda for 
tropical research through 1990. As men- 
tioned earlier, the Academy’s report 
called on the worldwide scientific com- 
munity to conduct biological invento- 
ries, establish research centers for inte- 
grated studies of tropical ecosystems, 
increase study of neglected tropical 
aquatic systems, and monitor deforesta- 
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tion. Despite this cogent appeal, the re- 
port’s recommendations had little im- 
mediate impact on agencies that fund 
scientific research.?3 

Harvard University’s Edward O. Wil- 
son has called on the United States, still 
the largest funder of tropical research, to 
declare an International Decade for the 
Study of Life on Earth to focus scientific 
and financial resources on the pressing 
problems of biological diversity—a pro- 
posal for which the National Academy 
study could provide a_ substantive 
agenda.*4 Though such a high-profile 
initiative has yet to take shape, an ambi- 
tious research program called Decade of 
the Tropics now enjoys broad interna- 
tional support. 

Decade of the Tropics was launched 
with little fanfare in 1982 by the Paris- 
based International Union of Biological 
Sciences (IUBS), consisting of 47 na- 
tional academies of science and 66 pro- 
fessional societies. The program was 
prompted as much by the economic and 
social disparities that separate tropical 
and temperate countries as by the un- 
catalogued biological variety of the trop- 
ics. Much of the IUBS-sponsored re- 
search aims to discover ways to tap this 
biological abundance for the benefit of 
local populations without destabilizing 
tropical ecosystems.25 


An ambitious research program 
called Decade of the Tropics now 
enjoys broad international sup- 
port. 


Since IUBS has no resources of its 
own to support a major research pro- 
gram, Decade of the Tropics’ partici- 
pants share results from existing na- 
tional research efforts. Separate studies 
of tropical savannas, soil biology and fer- 
tility, mountain environments, human 
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adaptations to tropical conditions, and 
species diversity are under way. Project 
leaders in Australia, the United King- 
dom, the United States, Venezuela, and 
Zimbabwe manage the contributions of 
dozens of participating scientists and re- 
search stations. i 

In 1980, tropical biology research 
worldwide received about $35 million, 
excluding applied work in agriculture 
and forestry. As the urgency of tropical 
environmental problems has captured 
the attention of funders, the total may 
have risen to the $50-75 million range 
by 1986, according to Peter Raven of the 
Missouri Botanical Garden. But this 
growth in current dollars falls considera- 
bly short of the doubling in constant dol- 
lars that the National Academy of 
Sciences recommended.?® 

One-way to strengthen research in 
critical tropical areas is to use develop- 
ment aid funds to train Third World'stu- 
dents in conservation biology and help 
pay for national parks, species invento- 
ries, and natural resource management. 
But in the United States—a major source 
of such funds—development aid for 
scientific research faces an uncertain fu- 
ture. Pressures to use foreign aid to pro- 
mote political objectives, along with 
budget constraints due to the federal 
deficit, reduced science and technology 
programs in the U.S. Agency for Inter- 
national Development (AID) more than 
22 percent in fiscal years 1986 and 
1987—a cut of $63 million.27 

Given the growing importance of 
tropical studies as nations come to terms 
with an era of biological change, the 
need to attract sufficient resources to the 
field remains urgent. Stanford Univer- 
sity biologist Paul Ehrlich proposes 
quadrupling the level of funding for re- 
search in ecology, taxonomy, and tropi- 
cal studies through the National Science 
Foundation (NSF). Even at this level— 
roughly $200 million per year—tropical 
biology would remain a modest national 
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science priority beside multibillion-dol- 
lar programs in biomedical research.?§ 

In a 1987 report on biological diver- 
sity, the U.S. Office of Technology As- 
sessment urged Congress to consider di- 
recting the NSF to establish a research 
program in conservation biology. The 
report also recommended that Congress 
designate a National Endowment for Bi- 
ological Diversity, similar to the endow- 
ments for the arts and humanities, that 
would channel small grants to nongov- 
ernmental groups engaged in conserva- 
tion research. With modest additional 
spending, such programs could give the 
field of conservation biology the profes- 
sional prestige and security needed to 
sustain first-rate science.?9 

Tropical biology is constrained by a 
legacy of neglect. Yet the tropics and the 
whole earth face profound changes in 
the course of our lifetime, Research 
agendas and science budgets should ad- 
dress this challenge. Reweaving the fab- 
ric of biological diversity can scarcely 
begin as long as the strands remain un- 
counted and unknown. 


ECOLOGICAL RESTORATION 


No change in the biosphere is more dra- 
matic than the degree to which human 
activities have reduced forested ecosys- 
tems to remnants. Less than 10 percent 
of the Brazilian coastal forest that Dar- 
win admired remains today. Barely 2 
percent of the tropical dry forest that 
once cloaked the Pacific Coast from Cen- 
tral America to the Gulf of California still 
stands. And as the more accessible for- 
ests have been cleared, pressures have 
shifted to rain forests, the last unex- 
ploited forest type. In the Amazon and 
Zaire basins, coastal West Africa, Cen- 
tral America, and the archipelagos of 
Southeast Asia, closed tropical forests 
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have already been cut back an estimated 
44 percent from their original climatic 
range of 1.6 billion hectares.*° 

Many biologists believe that these of- 
ficial statistics vastly understate the ex- 
tent of forest clearing. (See Chapter 5.) 
The World Commission on Environ- 
ment and Development recently es- 
timated that in addition to the outright 
clearing of between 7.6 million and 10.0 
million hectares of tropical forests each 
year, another 10 million hectares are 
“grossly disrupted.” Tropical forests 
may survive only in tiny stands in remote 
reaches of the Amazon and Zaire water- 
sheds and parts of New Guinea a genera- 
tion hence.*! 

In contrast to other forest types, the 
benefits of clearing rain forests have 
often proved short-lived or illusory. In 
the Amazon Basin, for instance, at least 
half of the 15-17 million hectares of for- 
est converted to pasture and cropland 
are now abandoned. The soils that un- 
derlie these Amazon forests have often 
proved infertile, sustaining crops or 
cattle for no more than four to eight 
years. This land, worthless to conven- 
tional agriculture, today represents a 
deduction from the earth’s reservoir of 
diversity.3? 

But even such severely degraded trop- 
ical land need not be written offas a total 
biological loss. Pennsylvania State Uni- 
versity biologist Christopher Uhl be- 
lieves nearly all the land deforested so 
far in the Amazon has the capacity to 
regenerate. If forests can be restored on 
once-cleared land in the Amazon and 
throughout the tropics, the implications 
for conservation are enormous. Accord- 
ing to William R. Jordan III of the Uni- 
versity of Wisconsin Arboretum, “The 
quality of the environment in the long 
run is going to depend not so much on 
the amount of land we are able to set 
aside and protect from disturbance as on 
our ability to achieve an equilibrium be- 
tween the forces of degradation on the 
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one hand and of regeneration on the 
other,’’33 

The potential for human-managed re- 
generation is suggested by studies of 
how natural ecosystems repair them- 
selves. For more than a decade, Uhl has 
been studying tropical forest recovery in 
southern Venezuela and in Brazil’s Pará 
state in the Amazon Basin. In the San 
Carlos de Rio Negro region of 
Venezuela, just north of the equator, he 
documented the way forests return to 
small agricultural clearings. One mea- 
sure of this recovery is the total bio- 
mass—the cumulative weight of living 
plant matter on a forested site. Uhl stud. 
ied rates of biomass accumulation on 
farm sites that had been abandoned any- 
where from 2 to 60 years and concluded 
that at least 150 years would be needed 
for complete forest recovery after slash- 
and-burn farming.34 

Prolonged disturbances—for exam- 
ple, conversion to pasture rather than 
shifting cultivation—slow the recovery, 
As forests recede toward a distant hori- 
zon, fewer birds and mammals Stray far 
enough from their forest refuge to bring 
seeds of the main forest trees. Leafcutter 
ants and mice devour the few seeds that 
arrive. Natural regeneration can be 
halted altogether by more severe disrup- 
tion. Evaluating a site laid bare by a bull- 
dozer, Uhl concluded that “close to 
1,000 years may pass before biomass lev- 
els reach those of mature forest.’’35 

Although tropical forests can slowly 
reclaim cropland and pasture, from the 
standpoint of biological diversity, slowly 
is not good enough. Once a tract of for- 
est is reduced to isolated pockets, each 
of the fragments begins to lose species, 
as biogeographic theory predicts. Ex- 
tinctions occur fairly quickly. If the frag- 
ments, particularly those amid aban- 
doned lands, can instead be rejoined 
info larger areas quickly enough, at least 
some extinctions could be prevented. 

Researchers are creating a new disci- 
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pline of ecological restoration, based on 
lessons from the study of natural ecosys- 
tem recovery, that can speed the repair 
of damaged environments. Restoration 
aims to reestablish viable native com- 
munities of plants and animals. Advo- 
cates of restoration argue that the suc- 
cessful conservation of biological 
diversity depends less on keeping hu- 
mans out of fragile ecosystems than on 
making sure they do the right things 
when they are there. 

Degraded ecosystems cannot be re- 
stored to health haphazardly: Restora- 
tion requires natural ecosystems as mod- 
els and seed sources. And just as modern 
medicine rests on a scientific foundation 
encompassing physiology, microbi- 
ology, and biochemistry, healing the 
land draws on the insights of conserva- 
tion biology and the emerging scientific 
field of restoration ecology. Since put- 
ting ecosystems together is a good way 
to ask scientific questions about them, 
restoration offers valuable opportunities 
to test ecological theories as well as new 
ways to correct environmental dam- 
age,36 

The wholesale conversion of tropical 
€cosystems today was foreshadowed a 
century ago on the vast grasslands of 
North America. The nearly 300 million 
hectares of tallgrass prairies that once 
blanketed the midwestern United States 
have now been reduced by farming, 
grazing, and the invasion of exotic plants 
to less than one tenth of 1 percent of 
their original expanse. This tiny rem- 
nant provided fertile ground for the first 
deliberate experiments in ecological res- 
toration. 

Wildlife ecologist Aldo Leopold con- 
ceived of prairie restoration in 1934. 
Leopold, then director of the University 
of Wisconsin Arboretum, sought to re- 
create the native plant communities that 
original settlers had encountered in Wis- 
consin. As he suspected, the process 
proved far more intricate than simply 
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broadcasting seeds and hoping for the 
best. Native species have to be reintro- 
duced in a pattern and sequence that 
sets natural succession in motion. The 
work is complicated by the presence of 
tenacious alien species that have been 
inadvertently introduced to the United 
States. “You do not get a prairie . . . 
today by fencing off a piece of land and 
waiting for the grass to grow back,” 
writes Walter Truett Anderson in To 
Govern Evolution. “If you do that you get 
an interesting collection of weeds from 
all over the world.”37 


Loo 


Once a tract of forest is reduced to 
isolated pockets, each of the frag- 
ments begins to lose species. 


EA 


The University of Wisconsin’s Center 
for Restoration Ecology carries on Leo- 
pold’s work in a variety of ecosystems, 
and a number of other restoration proj- 
ects have been launched in recent years. 
At the Fermi National Accelerator Labo- 
ratory (Fermilab) in Batavia, Illinois, na- 
tive prairie has been restored to 180 
hectares over 12 years, and the goal is a 
prairie that completely blankets the 
940-hectare research facility. Unlike 
other experimental restoration sites, 
Fermilab offers enough space to sustain 
native animals as well as a flourishing 
array of native grasses and flowers. 
Managers at the site have already rein- 
troduced trumpeter swans to “pothole” 
ponds in the prairie, and they plan to do 
the same with sandhill cranes, Franklin’s 
ground squirrels, and a variety of native 
prairie insects.38 

Near Manhattan, Kansas, researchers 
at the 3,500-hectare Konza prairie have 
found that the diversity of prairie plant 
and animal life depends on burning at 
appropriate intervals. Burning every 
four to six years results in more grass, 
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taller flowering plants, and more insects 
than other schedules would. Scientists 
have also reintroduced bison, elk, and 
pronghorn antelope to part of the prai- 
rie to compare the impact of their graz- 
ing with that of domestic livestock. 
Though Konza is not a restored prairie, 
lessons learned there will guide efforts 
to reestablish tallgrass elsewhere. A pro- 
posed National Tallgrass Prairie Pre- 
serve in Osage County, Oklahoma, 
could provide a major opportunity to 
test prairie restoration and manage- 
ment.39 ñ 

Restoration of coastal and freshwater 
wetlands is also widely practiced in the 
United States, particularly on the east- 
ern seaboard. Marshes, swamps, and 
seagrass beds, though less diverse than. 
other native plant communities, play a 
critical biological role by providing 
spawning and feeding grounds for many 
fish species, and by acting as a living fil- 
ter for wastewater. These natural wet- 
lands have been polluted, drained, and 
buried by various forms of industrial and 
urban development.*? 

U.S. environmental law provides the 
incentive for restoration by requiring 
developers to replace what they degrade 
with natural habitat equivalent in size 
and character. Environmentalists charge 
that restoration seldom achieves this 
equivalence, and reports of poorly su- 
pervised restoration with inappropriate 
species are common. Despite the contro- 
versies, the legal and economic lessons 
learned in restoring wetlands have set 
precedents likely to guide restoration in 
other ecosysiems. 

The greatest challenges for restora- 
tion lie in the tropics, where numerous 
forest types are being converted to farm- 
land and pasture or being degraded by 
poorly managed logging operations. Es- 
timates of deforestation suggest that at 
least 10 hectares are cleared in the trop- 
ics for each hectare newly planted. 
Moreover, almost all reforestation in 
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these areas consists of single-species 
plantations rather than diverse natural 
assemblages of forest species.*! 

The most ambitious tropical restora- 
tion project yet undertaken is in the dry 
tropical forest of northwest Costa Rica. 
Dry forest, like rain forest, is rich in spe- 
cies; unlike rain forest, its trees are de- 
ciduous and shed their leaves during the 
dry season. When Spanish conquis- 
tadores first reached Central America, 
dry tropical forest covered the Pacific 
Coast from Panama to northern Mexico. 
Today, less than 1 hectare in 50 remains 
of that original forest. The soils over 
much of the range of former dry forest 
are eminently suited to farming and 
grazing, unlike those beneath rain for- 
ests. Corn, cotton, and cattle have re- 
placed the forest's rich web of plants, 
animals, and microorganisms. 


The Guanacaste project reflects an 
overdue shift in thinking about 
how natural resources and ecosys- 
tems can be managed. 


University of Pennsylvania biologist 
Daniel Janzen believes that dry tropical 
forest can be grown from scratch. Janzen 
works in the 10,500-hectare Guanacaste 
National Park in northwestern Costa 
Rica. He plans to use the few intact 
stands of tropical dry forest in Guana- 
caste, the largest that remain in Central 
America, as a graft to restore the sur- 
rounding lands to their pre-Columbian 
ecological health. With support from the 
Costa Rican government, the Nature 
Conservancy of Washington, D.C., and 
private donors, Janzen intends to pur- 
chase enough land from adjacent land- 
owners to expand the park to 70,000 
hectares—enough for its ecological 
communities to become self-sustaining 
once again.*2 
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Despite the most aggressive conserva- 
tion policy in the tropics, Costa Rica has 
been unable to slow the pace of defore- 
station outside the country’s parks and 
preserves. Against the daunting array of 
pressures on forests, Janzen’s effort ap- 
pears quixotic. But the Guanacaste proj- 
ect reflects an overdue shift in thinking 
about how natural resources and ecosys- 
tems can be managed in the tropics. If 
successful, it will confirm that even intri- 
cate tropical forest ecosystems can be 
reassembled.*3 

Researchers at the University of Wis- 
consin’s Center for Restoration Ecology 
have proposed an ambitious tropical res- 
toration project in the Caribbean to be 
launched in 1992, the 500th anniversary 
of Columbus's first landfall in the West 
Indies. The primary goal of the Bosques 
Colón (Forests of Columbus) project is 
to recreate dry forest characteristic of 
Caribbean islands by reassembling con- 
stituent species that have survived only 
in small threatened stands.‘4 

Native peoples in many tropical coun- 
tries have traditions of artificial forest re- 
generation that could provide a point of 
departure for tropical forest restoration. 
A team of Mexican researchers led by 
Arturo Gomez-Pompa found that de- 
scendants of the Maya living on Mexico’s 
Yucatan Peninsula protect and cultivate 
useful forest trees in managed stands 
called pet kot. The tended forests, com- 
posed of a variety of fruit and nut-bear- 
ing trees, so resemble surrounding rain 
forests in structure and appearance that 
Gomez-Pompa and his colleagues re- 
mark that they “in many cases are indis- 
tinguishable from them.”’45 

Such tended rain forests are not 
unique to the Yucatan. Researchers have 
found and documented similar practices 
in Brazil, Colombia, Indonesia, Tan- 
zania, and Venezuela. People in every 
tropical forest region have developed 
traditions of forest restoration. In some 
places these traditions reveal how useful 
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products can be extracted from forests 
without disrupting ecological integrity. 
In Brazil, for example, rubber tappers, 
Brazil-nut gatherers, and others whose 
livelihoods depend on materials gath- 
ered from wild forests have lobbied the 
government to set up “extractive re- 
serves.'’46 

Though setting aside such forest re- 
serves often arouses opposition from 
powerful vested interests who gain from 
cutting forests, the concept clearly 
shows that forest preservation and eco- 
nomic development can be reconciled. 
As nations recognize the potential eco- 
nomic contribution of such practices, in- 
terest in conservation and restoration 
will grow. 

Land for restoration in the tropics is 
not scarce; the challenge will be deciding 
where to begin. The 8 million hectares 
of abandoned, unproductive pasture in 
the Amazon Basin suggest the dimen- 
sions of the opportunities, but every 
country contains eroded wasteland 
that could be used to test restoration’s 
potential. The Indian government, 
for example, estimates that 175 mil- 
lion hectares—nearly half the coun- 
try’s land mass—is degraded land 
that produces far below its biological 
potential and sustains few of its native 
species.47 

Indian Prime Minister Rajiv Gandhi 
established a National Wastelands De- 
velopment Board in early 1985 to pro- 
mote reforestation of 5 million hectares 
each year. Though the action plan em- 
phasizes plantations of fuelwood and 
fodder trees to supply subsistence needs 
of India’s poor, the Board’s mission of 
“greening wastelands” could easily be 
broadened to include experimental eco- 
logical restoration on a small scale. As 
with fuelwood and fodder plantations, 
the key to sustained success would be the 
Participation of local communities. (See 
Chapter 5.)48 

Eventually, restoration will have to 
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grow beyond pilot projects if it is to 
make a significant impact on conserving 
biological diversity. One opportunity to 
scale up restoration efforts lies in the 
United States. Under the Conservation 
Reserve mandated by the Food Security 
Act of 1985, some 16 million hectares of 
land now in the cropland base will be 
planted to grass or trees by 1990 in an 
effort to curb soil erosion and restrain 
surplus production, Farmers have al- 
ready enrolled nearly 9 million hectares 
in the program, well ahead of schedule. 
Although this land is not all in adjacent 
parcels, it includes areas on which eco- 
logical restoration and soil conservation 
could go hand in hand.*? 

Scientists studying the restored prai- 
rie at Fermilab have found that prairie 
plants improved soil structure and 
water-holding capacity faster and more 
cheaply than domesticated pasture 
grasses planted on adjacent land. Native 
prairie might prove the best long-term 
rotation crop for some farm areas suf- 
fering erosion, soil compaction, and 
other consequences of intensive crop 
production. “Incorporating prairie into 
agriculture suggests an incentive for re- 
turning prairie to the landscape on a 
large scale, and so a major force for res- 
toration,” write ecologists Michael 
Miller and Julie Jastrow. “Perhaps be- 
fore too long strips of prairie will again 
flourish on the gentle hills of Iowa and 
Illinois, a vision of the past pointing the 
way to our future.”’5° 

Restoration is not a substitute for vig- 
orous efforts to preserve natural areas. It 
cannot be expected to recover the full 
range of natural diversity on converted 
lands. But restoration may help slow the 
effects of habitat fragmentation, and ex- 
pand habitat to allow animals and plants 
maintained in zoos and botanic gardens 
to be reintroduced to the wild. By en- 
hancing areas that border parks, bio- 
sphere reserves, and other remaining 
wildlands, restoration can help give 
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some plant and animal species a reprieve 
from extinction. 


EVOLUTION’S FUTURE 


The next decade will be especially cru- 
cial in determining the ultimate severity 
of the extinctions that we have already 
set in motion. If deforestation unfolds 
according to projections, if biotic impov- 
erishment proceeds unchecked, and if 
human populations double, future 
choices will be foreclosed. “No genera- 
tion in the past has faced the prospect of 
mass extinction within its lifetime,” 
writes environmental consultant Nor- 
man Myers. “The problem has never ex- 
isted before. No generation in the future 
will ever face a similar challenge: if this 
present generation fails to get to-grips 
with the task, the damage will have been 
done and there will be no ‘second 
try.’ "5! 

Avoiding a mass extinction will re- 
quire a radical departure from deeply 
embedded policies and land use prac- 
tices. But the necessary changes, if they 
are to come at all, must originate within 
existing institutions: Evolutionary re- 
sponsibility will have to be accepted by 
the present set of agencies, interna- 
tional bodies, and nongovernmental or- 
ganizations. Since the challenge is dis- 
proportionately severe in the Third 
World, development assistance from 
the industrial countries is today among 
the most important means of putting 
the preservation of diversity on govern- 
ment agendas. 

In the United States, initiatives to con- 
serve biological diversity at the interna- 
tional level have been pursued as part of 
foreign policy, and the main instrument 
has been the Agency for International 
Development. A series of amendments 
to the Foreign Assistance Act broadened 
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AID’s mandate to conserve biological di- 
versity and reverse tropical deforesta- 
tion in the 60 developing countries with 
AID missions. 

In 1981, AID joined other U.S. gov- 
ernment agencies to cosponsor a Strat- 
egy Conference on Biological Diversity. 
Two years later, Congress passed a land- 
mark amendment to the Foreign Assist- 
ance Act that established the conserva- 
tion of biological diversity as an explicit 
objective of U.S. foreign assistance. AID 
delivered a U.S. strategy for conserving 
biological diversity to the Congress in 
1985, recommending 67 ways govern- 
ment agencies and private organizations 
could help developing countries recon- 
cile conservation with their economic 
needs.5? 

By 1986, however, intentions and 
budgets collided. AID suffered severe 
funding cuts under the Gramm-Rud- 
man-Hollings Deficit Reduction Act. 
AID’s environmental programs were not 
well financed to begin with, but these 
programs received disproportionate 
cuts under Gramm-Rudman. For exam- 
ple, in fiscal year 1986 AID’s total bud- 
get was cut 4.3 percent. But the Office of 
Forestry, Natural Resources, and the En- 
vironment, which helps administer ac- 
tivities related to biological diversity, 
was cut by 25 percent to maintain fund- 
ing for other development assistance 
programs.53 

Congressional sponsors of biodiver- 
sity initiatives, displeased by the way the 
Agency allocated cuts, earmarked $2.5 
million of AID’s appropriation for fiscal 
year 1987 to support conservation pro- 
jects, and $4.5 million might be desig- 
nated for biological diversity in fiscal 
year 1988. Although this level of support 
is small in relation to conservation 
needs, it represents the first congressiQ- 
nal commitment to biodiversity and a 
precedent for more aggressive pro- 
grams.54 

The World Bank has gradually begun 
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to recognize the links between biological 
diversity and economic development. In 
1986, the Bank adopted a new wildlands 
policy that for the first time establishes 
its role in the preservation of natural 
areas. Virtually all Bank-funded projects 
have an impact on the environment, but 
to date fewer than | percent have in- 
cluded an explicit effort to conserve nat- 
ural areas.°5 

Long indifferent to environmental 
concerns, the Bank now acknowledges 
that intact natural areas are under severe 
pressure, and that remaining wildlands 
can contribute more to economic devel- 
opment in their natural state than if con- 
verted to some other use. The new pol- 
icy is explicitly intended to “greatly 
reduce current extinction rates to much 
lower (perhaps almost ‘natural’) levels, 
without slowing the pace of economic 
progress” —the first development policy 
justified on the basis of its effect on ex- 
tinction rates.5§ 

The wildlands policy specifies that 
new development projects should be 
sited on lands already converted or de- 
graded rather than on virgin lands, a re- 
quirement that could focus attention on 
the economic potential of abandoned 
land. When a project requires the clear- 
ing of more than 100 square kilometers 
of virgin land, an area of natural habitat 
equal in size and biological value must 
be protected. Thus the Bank will begin 
partly to compensate for the biological 
losses incurred by conventional devel- 
opment schemes.5” 

In May 1987, World Bank President 
Barber Conable announced the creation 
of an environment department that will 
contribute to the design and direction of 
development policies at the Bank’s top 
level. New environmental offices in the 
four regional divisions will monitor 
Bank projects and promote innovative 
resource management. Acknowledging 
the Bank’s past failures in the environ- 
mental area, Conable noted that “‘sus- 
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tained development depends on manag- 
ing resources, not exhausting them.” 
The wildlands policy stands a better 
chance of aggressive implementation 
with this promise of institutional sup- 
port. The African, Asian, and Inter- 
American Development Banks, which to- 
gether with the World Bank lend $6.5 
billion annually for agricultural projects 
that can put natural diversity at risk, 
should join this effort to reconcile con- 
servation and development.** 
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Avoiding a mass extinction will re- 
quire a radical departure from 
deeply embedded policies and land 
use practices. 
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In a landmark agreement linking con- 
servation to international finance, Boliv- 
ia became the first tropical country to 
protect threatened ecosystems in ex- 
change for partial debt relief. Conserva- 
tion International, a Washington, D.C.- 
based environmental group, paid off 
$650,000 of Bolivia’s outstanding debt. 
The debt had been discounted to $100,- 
000 by private creditors doubtful that 
they could recover the full payment from 
the country itself. For its part, the 
Bolivian government designated a 
1,6-million-hectare buffer zone of forest 
and grassland around the Beni Bio- 
sphere Reserve in the Amazon Basin, 
and created an endowment fund in local 
currency to manage the area.°° 

Such debt-for-nature exchanges can 
currently only be arranged with private 
creditors, because the World Bank, the 
International Monetary Fund, and the 
industrial-country governments that 
hold most Third World debt have tradi- 
tionally been unwilling to write down 
their loans. But new flexibility in these 
institutions, urged by some members of 
the U.S. Congress, could open conserva- 
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tion opportunities on an unprecedented 
scale. The Bolivian agreement, involving 
a tiny share of that country’s $4-billion 
debt, only hints at that potential. As Sci- 
ence magazine observed, “ingenious 
ideas for turning at least part of the 
mountainous Third World debt into 
quid pro quos for conservation are far 
from exhausted.""6° 

The objectives of development lend- 
crs and nongovernmental conservation 
groups are beginning to converge in a 
way that few conservationists or econo- 
mists could have foreseen even a few 
years ago. While the World Bank is con- 
sidering “wildland financing,” some of 
the major international conservation 
groups now aim their activities squarely 
at economic development. 

The World Wildlife Fund, for exam- 
ple, recently launched a program called 
Wildlands and Human Needs, which 
seeks to base small-scale rural develop- 
ment projects on the ecosystems that 
supply fodder, fuelwood, and fresh 
water supplies to local communities. 
Projects include an effort to provide se- 
cure land titles to small farmers in east- 
ern Costa Rica in order to reduce the 
pressure to clear remaining forest, and a 
program to involve Zambian villagers in 
sustainable wildlife harvests for local 
needs from land adjacent to South 
Luangwa National Park, The program 
will expand in Africa, Asia, and Latin 
America with support from AID.61 

Over 30 countries are preparing com- 
prehensive national conservation strate- 
gies to identify environmental priorities 
and integrate sustainable management 
of natural resources into country devel- 
opment plans. These national initiatives 
are patterned on the World Conserva- 
tion Strategy prepared in 1980 by the 
International Union for the Conserva- 
tion of Nature and Natural Resources. 
Indonesia, Malaysia, and Venezuela, 
countries especially rich in biological di- 
versity, are on the list; Brazil, Zaire, and 


the countries of West Africa that contain 
that continent’s most threatened tropi- 
cal forests are not. Though strategies are 
not binding, the attempt to integrate 
conservation plans into political and 
economic decision making signifies that 
some developing countries have begun 
to reverse their long-standing neglect of 
conservation.® 

Major producers and consumers of 
tropical hardwoods are beginning to ad- 
dress the loss of tropical forests through 
the International Tropical Timber 
Agreement, ratified in 1985. The Agree- 
ment reflects an unprecedented consen- 
sus among sponsor countries about es- 
calating pressures on forest ecology and 
the risks to timber production. As a re- 
port from Friends of the Earth points 
out, “It is the first time that a commodity 
agreement, or indeed any international 
trade agreement, has built the goal of 
environmental sustainability into its eco- 
nomic strategy.”’63 

At the inaugural meeting of the Inter- 
national Tropical Timber Organization 
in April 1987, Japan led other donor 
countries in pledging $2 million for re- 
search on reforestation and sustainable 
management of tropical forests. Japan, 
the largest importer of tropical hard- 
woods, has long been criticized for prac- 
ticing irresponsible logging in Southeast 
Asia. A change in that nation’s attitude, 
backed up with expanded financial sup- 
port for innovative forest management, 
could brighten the outlook for tropical 
Asia’s threatened forests. 

Biologists estimate that as many as 
2,000 species of mammals, reptiles, and 
birds will have to be bred in captivity to 
escape extinction as natural ecosystems 
are cleared and fragmented. Zoos, the 
key to this task, have become a kind of 
“millennium ark,” sustaining animals 
for which wild habitat is no longer suf- 
ficient until the time that human de- 
mands on the biosphere stabilize. 

Zoos are now involved in “genetic 
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management” of increasing numbers of 
yulnerable species. In the late seventies, 
Species Survival Plans were drafted for a 
few animals and circulated among North 
American zoos to provide a comprehen- 
sive blueprint for breeding programs de- 
signed to maintain the genetic diversity 
of captive animal populations. The In- 
ternational Species Inventory System, 
set up to maintain records on captive 
populations, now tracks 2,500 species of 
mammals and birds kept in 223 Euro- 
pean and North American zoos.%° 

Budgets, not natural constraints, limit 
the carrying capacity of zoos. William 
Conway, Director of the New York Zoo- 
logical Society, estimates that if today’s 
zoos aim to maintain viable populations 
of birds, mammals, reptiles, and am- 
phibians unlikely to survive in the wild 
over the long term, they probably can 
afford no more than 900 species—less 
than half the 2,000 species in these 
groups that face this fate. And zoos can 
do almost nothing for the hundreds of 
thousa ids of insects and invertebrates 
threavened with extinction.®7 

Like zoos, botanical gardens could 
back up ecological restoration by main- 
taining threatened plant species off-site 
and strategically restoring them to natu- 
ral settings. Botanical gardens in the 
United States now coordinate efforts to 
preserve threatened species in a pro- 
gram managed and funded by the Cen- 


ter for Plant Conservation in Jamaica 
Plain, Massachusetts. But conserving the 
full genetic range of threatened plant 
species in botanical gardens alone is an 
unattainable goal. “Although it may be 
theoretically possible for the botanic 
gardens of the world to grow the es- 
timated 25,000 to 40,000 threatened 
species of flowering plants, cultivating 
sufficient populations to maintain diver- 
sity is unrealistic,” warns the U.S. Office 
of Technbdlogy Assessment. ‘Conse- 
quently, protecting a diversity of wild 
species will rest on maintaining them in 
the wild.”68 

Still largely ignorant of their responsi- 
bility for the future course of evolution, 
policymakers are already negotiating the 
terms of humanity's coexistence with the 
millions of species with which we share 
the planet. But existing initiatives and 
institutions can be building blocks for a 
strategy to avert a mass extinction. 

Though the consequences of con- 
tinued evolutionary negligence loom 
large, the tools with which to exercise 
evolutionary responsibility are more nu- 
merous and more powerful than ever. 
To the extent humans learn to reverse 
the disastrous fragmentation of ecosys- 
tems and match human institutions to 
ecological realities, the global effort to 
avoid a mass extinction of species may 
one day be counted among the most en- 
during accomplishments of our age. 
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Controlling 
Toxic Chemicals 
Sandra Postel 


An uneasy counterpoint of benefits and 
risks marks the course of the chemical 
age. Events continue to reveal that “bet- 
ter living through chemistry” comes 
with serious costs, some of which have 
only recently come to light. Pesticides 
thought to degrade in soils turn up in 
rural drinking water wells. Underground 
plumes of toxic chemicals emanating 
from abandoned waste sites contaminate 
city water supplies. A gas leak at a chemi- 
cal production plant in Bhopal, India, 
kills more than 2,000 people. Pesticides 
spilled into the Rhine River from a ware- 
house near Basel, Switzerland, destroy a 
half-million fish, disrupt water supplies, 
and cause considerable ecological dam- 
age. In many ways—some dramatic, oth- 
ers insidious—chemicals seem to be es- 
caping society’s control. 

The use of pesticides in agriculture 
and the disposal of industrial chemical 
waste release hundreds of millions of 


An expanded version of this chapter appeared as 
Worldwatch Paper 79, Defusing the Toxics Threat: 
Controlling Pesticides and Industrial Waste. 


tons of potentially hazardous substances 
into the environment each year.! Strate- 
gies that reduce pesticide use and that 
minimize industrial waste generation 
offer cost-effective approaches to lessen- 
ing risks from toxics. They differ 
markedly from current practices, requir- 
ing new ways of thinking. The quick fixes 
of pesticide spraying and end-of-pipe 
pollution control are replaced with new 
production systems aimed at reconciling 
economic profits and environmental 
protection. 

With technologies and methods now 
available, pesticide use could probably 
be halved and the creation of industrial 
waste cut by a third or more over the 
next decade. Successful efforts to date 
suggest that farmers and manufacturers 
would benefit economically, while peo- 
ple and the environment would receive 
better protection. But existing policies 
fail to promote these new techniques; in 
some cases, they actually undermine 
them. Overall, public commitments to 
research and development, demonstra- 
tion projects, training, and education in 
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these methods are woefully inadequate 
to bring them into widespread use. 


SHADOWS OF THE CHEMICAL 
AGE 


Organic compounds, by definition, are 
those containing carbon. Unique among 
chemical elements, carbon easily bonds 
with itself to form chains and rings, and 
can combine in various ways with other 
common elements, including hydrogen, 
nitrogen, and chlorine. During recent 
decades, laboratory scientists learned to 
exploit carbon’s properties not only to 
recreate chemicals found in nature, but 
also to fashion millions of entirely new 
compounds that have no natural ana- 
logs. In so doing, they paved the way for 
a host of new industrial and consumer 
products that have greatly changed the 
shape of society—from plastics and pes- 
ticides to birth control pills and polyes- 
ter fibers.? 

Both the volume and the number of 
manufactured chemicals have bur- 
geoned since World War Il. In the 
United States, annual production of syn- 
thetic organic chemicals rose fifteenfold 
between 1945 and 1985, from 6.7 mil- 
lion metric tons to 102 million. (See Fig- 
ure 7-1.) Worldwide, some 70,000 
chemicals are presently in everyday use, 
with between 500 and 1,000 new ones 
added to the list each year. No limit to 
the number of possible syntheses is in 
sight.3 

Prior to the forties, farmers relied on 
a combination of mechanical, chemical, 
and biological methods to limit pest 
damage to crops. The discovery of DDT, 
however, ushered in an era of almost ex- 
clusive dependence on chemicals for 
pest control, DDT was safer and more 
effective than the arsenic, heavy metal, 
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Figure 7-1. Synthetic Organic Chemicals 
Production, United States, 1945-85 


cyanide, and nicotine compounds that 
had long been used. It was relatively 
inexpensive, remained active a long time 
in the soil, and was toxic to a broad spec- 
trum of insects. Synthetic chemicals 
freed farmers from much of the worry 
and complexity of controlling insect 
pests. Demand for pesticides skyrock- 
eted, and interest in nonchemical meth- 
ods of pest control dwindled.* 

In the United States, pesticide use in 
agriculture nearly tripled between 1965 
and 1985. (See Figure 7-2.) Farmers ap- 
plied 390,000 tons of pesticides to the 
nation’s agricultural land in 1985, an av- 
erage of about 2.8 kilograms (6.2 
pounds) per hectare planted. Roughly 
70 percent of all cropland (not counting 
land in alfalfa or other hay, pasture, or 
rangeland) receives some dosage of pes- 
ticides, including 95 percent of the area 
devoted to corn, cotton, and soybeans.® 

Chemical pesticides are generally not 
used as widely or intensively in develop- 
ing countries as they are in industrial 
ones. But in many, usage has been grow- 
ing rapidly. Chemicals were part of the 
package of inputs promoted to boost 
Third World food production during the 
Green Revolution. The shift toward 
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Figure 7-2. Pesticide Use in Agriculture, 
United States, 1965-85 


greater production of export crops also 
has spurred pesticide use, since invest- 
ing in chemical inputs more often pays 
off for these higher valued crops. In 
India, pesticide use increased from 
about 2,000 tons annually in the fifties to 
more than 80,000 tons in the mid-eight- 
ies. Some 80 million hectares of India’s 
cropland now receive treatment with 
chemical pesticides, compared with just 
6 million in 1960.6 

Unfortunately, data on the generation 
and disposal of chemical waste are much 
sketchier and more confusing than those 
for pesticides. Countries apply different 
definitions to what they variously call 
“hazardous,” “special,” or simply “in- 
dustrial” waste, which obscures com- 
parisons across countries. In many cases, 
current methods of managing industrial 
waste still reflect the “out of sight, out of 
mind” mentality of the fifties and sixties. 
Much’ waste is disposed of in or on the 
land through the use of injection wells, 
pits, ponds and lagoons, or landfills. 
Each of these practices risks contaminat- 
ing groundwater, since experts claim 
that even the most carefully constructed 
landfill or surface impoundment will 
eventually leak.7 
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Many developing countries now indus- 
trializing their economies are generating 
growing volumes of hazardous waste, 
though the totals—impossible to specify 
—are still dwarfed by those in the West. 
Few have implemented regulations con- 
trolling this waste, and even fewer have 
the advanced technologies needed to do 
so adequately. Industries typically send it 
to unsecured domestic landfills, stock- 
pile it, or dump it indiscriminately into 
the environment. In China, for example, 
where some 400 million tons of indus- 
trial waste and tailings are generated an- 
nually, much of it undoubtedly hazard- 
ous, mounds of potentially harmful waste 
reportedly occupy some 60,000 hectares 
of land today.’ 


CONSEQUENCES AND RISKS 


The hazard to health posed by a chemi- 
cal after it enters the environment de- 
pends primarily on two factors: its toxic- 
ity and the extent of human exposure to 
it. Unfortunately, knowledge of the 
harmful effects of synthetic organic com- 
pounds has lagged far behind their in- 
troduction to the marketplace. 

The U.S. National Research Council 
(NRC) estimates that no information on 
toxic effects is available for 79 percent of 
the more than 48,500 chemicals listed in 
the inventory prepared by the Environ- 
mental Protection Agency (EPA). Fewer 
than a fifth have been tested for acute 
effects, and fewer than a tenth for 
chronic (for example, cancer-causing), 
reproductive, or mutagenic effects. Pes- 
ticides generally have received more ex- 
tensive testing, but there, too, serious 
gaps remain. By allowing the production 
and release of these compounds without 
understanding their damaging effects, 
society has set itself up for unpleasant 
surprises.’ 
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Pesticides account for only a small 
share of the 70,000 chemicals in com- 
mon use, but they pose some of the 
greatest potential hazards. Unlike most 
industrial compounds, pesticides are 
purposely designed to alter or kill living 
organisms. Moreover, since they are 
spread widely over the land, they pose 
risks not only to farm workers but to the 
general population through residues in 
food crops and through contamination 
of drinking water. 

Between 400,000 and 2 million pesti- 
cide poisonings occur worldwide each 
year, most of them among farmers in 
developing countries. The 10,000-40,- 
000 such poisonings that are thought to 
result in death each year dwarf the 
2,000 deaths caused by the toxic gas 
leak at the pesticide manufacturing 
plant in Bhopal, India, tragic though 
that accident was. No comparable esti- 
mates exist for deaths and disease 
caused by chronic, low-level exposures 
to farm chemicals, but the picture is far 
from comforting.!° 

Many older chemicals that industrial 
countries have restricted or outlawed are 
still widely used by farmers in the Third 
World. DDT and benzene hexachloride 
(BHC), both banned from use in the 
United States and much of Europe, ac- 
count for about three quarters of total 
pesticide use in India. Residues of these 
compounds, both suspected carcino- 
gens, were found in all 75 samples of 
breast milk collected from women in 
India’s Punjab region. Through their 
mothers’ milk, babies daily were inges- 
ting 21 times the amount of these chemi- 
cals considered acceptable. Similarly, 
samples of breast milk from Nicaraguan 
women have shown DDT levels an as- 
tounding 45 times greater than toler- 
ance limits set by the World Health Or- 
ganization (WHO).!! 

Ironically, even though their own gov- 
ernments may have restricted or banned 
these chemicals from domestic use, con- 
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sumers in industrial countries remain 
exposed to them through imported 
foods, completing what some have 
called a “circle of poison.” In addition, 
a 1987 study by NRC suggested that pes- 
ticide residues in foods grown within the 
United States are of serious concern as 
well. In its worst-case estimate, the study 
calculated an increased risk of 5,800 can- 
cer cases per million people over a 70- 
year lifetime, far higher than the | per 
million “acceptable” risk level that EPA 
often applies to cancer hazards. The 
NRC figure translates to roughly 1.4 mil- 
lion additional cases for the current U.S. 
population—or 20,000 additional cases 
per year, Nearly 80 percent of the es- 
timated risk derived from just 15 foods, 
with tomatoes, beef, potatoes, oranges, 
and lettuce leading the list.!* 


Between 400,000 and 2 million pes- 
ticide poisonings occur worldwide 
each year, most of them among 
farmers in developing countries. 


A third pathway of pesticide expo- 
sure—contaminated drinking water—is 
of rapidly growing concern. No nation 
has systematically monitored its water 
supplies for pesticides, so the full extent 
of contamination is unknown. Yet, again, 
the evidence available points toward 
some serious problems. 

In the United Kingdom, preliminary 
survey results suggest widespread con- 
tamination of rivers and streams in the 
agricultural areas of eastern England. 
The herbicide atrazine, a suspected car- 
cinogen, contaminates most surface wa- 
ters in the region and has been found at 
levels nearly three times the maximum 
acceptable concentration for herbicides 
in drinking water set by the European 
Community.!3 : 

In the United States, routine agricul- 
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tural practices have contaminated 
groundwater with more than 50 different 
pesticides in at least 30 states. The na- 
tion’s two most widely used herbicides— 
alachlor and atrazine—have been among 
the pesticides most frequently detected. 
Tests have shown alachlor to cause can- 
cer in laboratory animals, making it a 

robable human carcinogen. Surveil- 
ance efforts in Iowa, which has one of 
the best monitoring programs, indicate 
that more than a quarter of Iowans use 
drinking water contaminated with pesti- 
cides. 

The relative threat posed by pesticide 
poisonings, food residues, and con- 
taminated drinking water varies with the 
type of pesticide used and the care taken 
during application. Organochlorine or 
DDT-type insecticides are not very 
acutely toxic. But their persistence, 
along with their ability to accumulate in 
fatty tissue, has led to their buildup in 
the food chain and to the high concen- 
trations found in breast milk. Organo- 
phosphates degrade more readily, but 
are more acutely toxic. Many Third 
World farmers lack the training and 
equipment needed to apply such highly 
toxic chemicals safely, or cannot read 
well enough to understand the label in- 
structions. A 1985 survey in one county 
of the Brazilian state of Rio de Janeiro 
found that 6 out of 10 farmers using pes- 
ticides had suffered acute poisonings, 
two thirds of them from organophos- 
phates. Finally, many of the modern her- 
bicides exhibit strong potential for 
leaching to groundwater, as the U.S. ex- 
perience shows.!5 

Presumably greater pesticide use is 
justified if the benefits outweigh the 
costs and risks. But this case is getting 
harder to make. Insects and weeds now 
reduce crop production by about 30 per- 
cent, apparently no less than before the 
chemical age dawned. Because of stricter 
regulatory requirements and the greater 
complexity of modern chemicals, indus- 


try now spends $2045 million bringing 
a new pesticide to market, compared 
with about $1.2 million in 1956.16 

More important, chemicals no longer 
provide the effective means of crop pro- 
tection they once did. In response to 
heavier pesticide use, pests have evolved 
mechanisms of detoxifying and resisting 
the action of chemicals designed to kill 
them. In 1938, scientists knew of just 
seven insect and mite species that had 
acquired resistance to pesticides. By 
1984, that figure had climbed to 447, 
and included most of the world’s major 
pests. Resistance in weeds was virtually 
nonexistent before 1970. But since then, 
with the growth of herbicide use, at least 
48 weed species have gained resistance 
to chemicals.!7 

Farmers and pesticide producers have 
thus locked themselves into a race with 
the rapid evolution of crop pests. 
Chemicals intended to enhance and sta- 
bilize agricultural production have in 
some cases done just the opposite. In 
Nicaragua, 15 years of heavy insecticide 
use on cotton were followed by four 
years in which yields fell by 30 percent. 
Pests had acquired resistance, the 
chemicals had killed pests’ natural ene- 
mies, and new pests had emerged. As 
crop damage increased, desperate farm- 
ers reacted by applying more insecticide, 
which only aggravated the problem. Ina 
classic case of the “pesticide treadmill,” 
insect control costs rose to a third of 
total cotton production costs.!§ 

Similarly, in Suffolk County, Long Is- 
land—the leading farm county in New 
York State—chemicals are losing the 
battle against the Colorado potato bee- 
tle. Growers spray up to 10 times per 
season, and pest control costs have 
climbed as high as $700 per hectare. 
Other cropping systems at risk from re- 
sistance problems include cabbage and 
rice in Southeast Asia, corn in the United 
States, potatoes in parts of Europe as 
well as the eastern United States, sugar 
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beets in the United Kingdom, and cotton 
in many other parts of the world.'? 
While an entrenched agrochemicals in- 
dustry continues to propound the vir- 
tues and necessity of reliance on pesti- 
cides, the facts cry out for new solutions 
to pest problems. 

As with pesticides, the consequences 
and risks from the burgeoning use of in- 
dustrial chemicals have only begun to be 
characterized. Nearly a decade has 
passed since the Love Canal site in 
Niagara Falls, New York, spotlighted the 
insidious hazards posed by indiscrimi- 
nate chemical waste disposal. Yet most 
countries still have only a vague idea of 
the magnitude of air, water, and soil con- 
tamination caused by industrial chemi- 
cals. 


W O O 


Farmers and pesticide producers 
have locked themselves into a race 
with the rapid evolution of crop 


pests. 


o O O 


Tens of thousands of active and aban- 
doned waste disposal sites dot the land- 
scapes of industrial countries. Corrosive 
acids, persistent organics, and toxic met- 
als accumulated for decades with little 
thought about whether they would enter 
the environment. Preliminary estimates 
by the West German länder (states) sug- 
gest that as many as 35,000 problem 
sites exist nationwide. Efforts to assess 
how many pose serious risks are still 
going on, but officials expect corrective 
actions to require at least 18 billion Ger- 
man marks ($11 billion) over the next 
decade. In Denmark, which like West 
Germany relies heavily on groundwater, 
up to 2,000 sites are believed to be con- 
taminated. Officials currently anticipate 
cleanup expenditures of some 1 billion 
Danish kroner ($158 million).2° 

In the United States, as of October 
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1987, EPA had placed 951 landfills, im- 
poundments, and other waste sites on its 
National Priority List, which covers sites 
needing urgent attention. The agency 
estimates that the list will grow to not 
more than 2,500 sites and that cleanup 
costs may total some $23 billion. The 
Congressional Office of Technology As- 
sessment (OTA) estimates, however, 
that the number of priority sites could 
climb to 10,000 and expenditures to 
$100 billion, roughly $400 for every US. 
resident.?! 

Meanwhile, no clear picture has 
emerged of the extent of groundwater 
contamination nationwide. Yet more 
than 200 substances have been identi- 
fied in the nation’s underground water 
supplies, including 175 organic chemi- 
cals. Thirty-two of these organics (in- 
cluding some pesticides) and five metals 
are known or suspected carcinogens. 
Equally unsettling, a substantial share of 
the contaminants frequently found have 
not even been tested for long-term 
health effects. Most remain unregulated 
and unmonitored: EPA has set drinking 
water standards for only about two 
dozen of the hundreds of substances de- 
tected in groundwater.?? 

Chemical wastes are not purposely 
spread over cropland the way pesticides 
are, but they can contaminate food 
nonetheless. Some drift through the air 
to lakes and farmlands, contaminating 
fish, crops, and grazing livestock. Re- 
searchers iri Poland have found alarm- 
ingly high concentrations of heavy met- 
als in vegetables in the heavily 
industrialized region of Upper Silesia, 
which harbors numerous smelters and 
metals factories. Soil samples taken from 
vegetable gardens in the region have 
contained levels of cadmium, mercury, 
lead, and zinc between 30 and 70 per- 
cent higher than levels considered safe 
by WHO.?3 

If good data on human exposure to 
contaminants were available, lack of 
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knowledge about the toxic effects of 
most chemicals at various doses would 
still hinder an accurate assessment of 
health risks. The vast majority of chemi- 
cals have not been fully tested for toxic- 
ity, which requires animal experiments 
that can take several years and cost more 
than $500,000 per chemical. Even when 
animal data are available, very different 
risk assessments emerge, depending on 
the mathematical model to which the 
data are applied. One Stanford Univer- 
sity researcher found that the estimated 
cancer risk arising from low-level expo- 
sure to the pesticide ethylene dibromide 
varied by a factor of 1 million depending 
on the model used.?4 

Epidemiology—the study of the inci- 
dence of disease within a population— 
offers a second approach to assessing 
health risks. In several ways, however, 
toxic chemicals pose an epidemiological 
nightmare. A cancer induced by a toxic 
chemical may appear decades after the 
exposure and will usually be indistin- 
guishable from a cancer caused by other 
means. In addition, people usually are 
exposed to several contaminants simul- 
taneously, which greatly frustrates ef- 
forts to ferret out cause-and-effect rela- 
tionships.25 

Despite these drawbacks, recent 
epidemiological work among more 
highly exposed population groups gives 
cause for concern. In 1986, scientists re- 
ported finding a sixfold increase in the 
risk of non-Hodgkin’s lymphoma, a can- 
cer of the lymphatic system, among Kan- 
sas farmers using certain herbicides—es- 
pecially 2,4-D—for 20 days or more per 
year. They note that this greater risk 
among farmers could suggest increased 
risk to the general population exposed 
to low levels of these herbicides.26 

Charles Benbrook, Executive Director 
of the Board on Agriculture at the Na- 
tional Academy of Sciences, commented 
on these findings: “For the first time 
there is clear and rather unequivocal evi- 


dence that the environmental exposure 
to pesticides at low levels causes cancer 
in man. It has taken a long time for that 
particular finding to emerge. It involves 
an old pesticide, one of the most widely 
used older pesticides, and one that is not 
really that potent of an oncogen [cause 
of tumors] if you look at the animal data. 
... I think that the emergence of the new 
epidemiological data is cause for very se- 
rious concern.”’27 


BREAKING THE PESTICIDE 
HABIT 


If chemicals were the only viable way to 
control crop-damaging insects and 
weeds, society would have little choice 
but to live with their associated risks. 
Fortunately, proven alternatives exist, 
and others await exploration. A commit- 
ment to break agriculture’s unhealthy 
dependence on toxic chemicals is the 
first step toward realizing the potential 
of more ecologically sound, econom- 
ically sustainable pest control methods. 

A guiding philosophy known as inte- 
grated pest management (IPM) under- 
lies most strategies to reduce pesticide 
use. IPM recognizes a field of crops as an 
ecosystem within which many natural 
forces affecting pests and weeds interact. 
It draws on biological controls (e.g., nat- 
ural predators of pests), cultural prac- 
tices (e.g., planting patterns), genetic 
manipulations (e.g., pest-resistant crop 
varieties), and judicious use of chemicals 
to stabilize crop production while mini- 
mizing hazards to health and the envi- 
ronment. The operating goal is not to 
eradicate insects and weeds but to keep 
them below the level at which damaging 
economic losses occur. Under this inte- 
grated approach, farmers use chemicals 
selectively and only when necessary, 
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rather than as the first and primary line 
of attack. 

IPM requires knowledge ofa pest’s life 
cycle, behavior, and natural enemies, of 
the way cropping patterns and chemical 
use affect pest and predator population 
levels, and of many other features of the 
crop ecosystem. As such, it differs 
greatly from the packaged variety of pest 
control provided by today’s agrochemi- 
cal industry. Research and extension are 
needed to design and implement an ef- 
fective IPM program. It requires farmers 
to adopt a new way of thinking about 
pest management, along with new tech- 
niques. But the payoffs can be great. For 
some farmers, IPM provides an essential 
escape from the “pesticide treadmill.” 
For most, it offers a welcome response to 
increasing concerns about chemical 
costs, health risks from pesticide expo- 
sure, and the threat of contaminating 
their own family’s drinking water. 

Perhaps no country has worked harder 
and accomplished more in nonchemical 
methods of pest control than China. 
This nation is well represented among 
the success stories in IPM and biological 
control. (See Table 7-1.) For the last 
three decades, a nationwide pest fore- 
casting system has helped farmers iden- 
tify, track, and control pest problems. 
Hundreds of data-collection stations 
around the country report to their re- 
spective provincial forecasting centers, 
which in turn transmit information on 
pest populations, the abundance of nat- 
ural enemies, and weather conditions to 
some 500 agricultural production units. 
Between 1979 and 1981, Chinese scien- 
üsts carried out surveys to locate organ- 
isms that could help farmers protect 
their crops, creating a rich resource base 
for expanding biological methods of 
pest control. Whether the nation will 
continue this emphasis on ecologically 
based pest control under its new market- 
oriented system of agricultural incen- 
ives remains to be seen.?8 
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Over the last decade, Brazil also has 
advanced impressively toward inte- 
grated pest control in its production of 
soybeans, one of its major export crops. 
Soybeans are plagued by several insect 
pests, which variously eat the crops’ 
leaves or suck nutrients out of the pods. 
With the help of U.S. scientists, an IPM 
program was developed and tested in 
trial plots in two of Brazil's leading agri- 
cultural states in the mid-seventies. By 
the early eighties, about 30 percent of 
Brazilian soybean growers had adopted 
IPM. Insecticide use by those growers in 
1982 was 80-90 percent below the level 
in 1975, the year before the program 
began.?9 


Under integrated pest manage- 
ment, farmers use chemicals selec- 
tively and only when necessary, 
rather than as the first and primary 
line of attack. 


Industrial countries also have much to 
gain from an integrated approach to pest 
control. Governments seeking to protect 
water supplies from pesticide contami- 
nation and to bolster ailing farm econo- 
mies can do both simultaneously by in- 
vesting in IPM. Price-depressing crop 
surpluses and growing amounts of farm 
debt make strategies that reduce input 
costs at least as important as ones that 
increase yields. Moreover, evidence to 
date strongly supports IPM as an eco- 
nomical enterprise. 

In the United States as of 1984, IPM 
programs supervised by U.S. Depart- 
ment of Agriculture (USDA) extension 
personnel were under way for nearly 40 
crops and collectively covered 11 million 
hectares, about 8 percent of the nation’s 
harvested cropland area.?° An evalua- 
tion of extension IPM programs pub- 
lished in 1987 showed clearly that farm- 
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Table 7-1. Selected Successful Applications of Integrated Pest Management and 
Biological Control 
Country 
or Region Crop Strategy Effect 
Brazil Soybean IPM Pesticide use decreased 80-90 percent over seven 
years. 
Jiangsu Pr., Cotton IPM Pesticide use decreased 90 percent; pest control 
China costs decreased 84 percent; yields increased. 
Orissa, India Rice IPM Insecticide use cut by a third to half. 
Southern Texas, Cotton IPM Insecticide use decreased 88 percent; average net 
United States return to farmers increased $77 per hectare. 
Nicaragua Cotton IPM Early to mid-seventies effort cut insecticide use by a 
third while yields increased. 
Equatorial Africa Cassava BC Parasitic wasp controlling mealybug pest on some 
65 million hectares. 
Arkansas, Rice/ BC . Commercially marketed, fungus-based 
United States Soybean “bioherbicide” controlling noxious weed. 


Guangdong Pr., Sugarcane BC 
China 


Jilin Pr., China Corn BC 


Parasitic wasp controlling stemborers at one third 
the cost of chemical control. 


Fungus and parasitic wasp providing 80-90 percent 


control of major corn pest. 


Costa Rica Banana BC 


Pesticide use was stopped; natural enemies 


reinvaded to control banana pests. 


Sri Lanka Coconut BC 


Parasite found and shipped for $32,250 in early 


seventies prevents pest damage valued at $11.3 
million annually. 


source: Worldwatch Institute, based on various sources. 


ers adopting IPM strategies have bene- 
fited economically. Based on survey re- 
sults on nine commodities from 15 dif- 
ferent states, and considering practices 
on only one crop per state, farmers using 
IPM collectively earned $579 million 
more in profits than they would have 
otherwise. (See Table 7-2.) 

IPM programs specifically aimed at re- 


ducing pesticide use, rather than just at 
increasing profits, have achieved some 
impressive results. U.S. IPM efforts, for 
example, were intensified in the early 
seventies on cotton, grain sorghum, an 
peanuts. By 1982, insecticide applica- 
tions on these crops had dropped 
dramatically. (See Table 7-3.) In con- 
trast, insecticide use on the areas 
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planted in corn and soybeans—crops 
that received minimal IPM—slightly in- 
creased. As a result, corn replaced cot- 
ton as the crop receiving the greatest 
share of insecticides in the United 
States.3! 

Biological methods of pest control, ei- 
ther alone or as part of an IPM design, 
can provide some of the most elegant 
and long-lasting solutions to pest prob- 
lems. In “classical” biological control, a 
beneficial organism is introduced into a 
pest-plagued area and, it is hoped, 
becomes a permanent part of the agro- 
ecosystem. The pest and the introduced 
natural enemy reach, a population bal- 
ance that keeps: pest damage below the 
economic threshold. Since the 1860s, 
scientists have introduced some 300 or- 
ganisms worldwide in classical control 
programs.3? 
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Among the most exciting biological 
control efforts now under way is that to 
protect African cassava—a food staple 
for some 200 million people—from the 
ravaging effects of mealybugs and green 
spider mites. With no apparent natural 
enemies to keep them in check, both 
pests spread rapidly after the early sev- 
enties, when they were first detected. By 
1982, the mealybug had infiltrated a 
large portion of the 34-country cassava 
belt. Together the two pests slashed cas- 
sava yields by 10-60 percent, causing 
losses estimated at $2 billion annually.** 

Officials ruled out a massive pesticide 
program because the infrastructure was 
lacking to deliver chemicals to the sub- 
sistence farmers in need. Instead, the 
Nigeria-based International Institute of 
Tropical Agriculture (IITA) launched a 
major biological control effort with 


Table 7-2. United States: Estimated Average Annual Economic Benefits from Use of 
IPM, Selected Cases, Early Eighties 


State Crop 


Increase in Net Returns to IPM 


State, NOR ia ee 


California almonds 
Georgia peanuts 
Indiana corn 
Kentucky stored grain 
Massachusetts apples 
Mississippi cotton 
New York apples 
North Carolina tobacco 
Northwest! alfalfa seed 
Texas cotton 
Virginia soybeans 
Total 


‘Idaho, Nevada, Montana, Oregon, and Washington. eke : 
source: Virginia Cooperative Extension Service, Virginia Tech and Virginia State Unive 


Users 
Farm-level Statewide 
(dollars (thousand 
per hectare) dollars) 
769 96,580 
154 62,600 
72 134,230 
<1 890 
222 400 
122 29,680 
528 33,000 
6 780 
132 2,420 
282 215,830 
10 2,570 
578,980 


rsities, in coopera- 


tion with USDA Extension Service, The National Evaluation of Extension's Integrated Pest Management (IPM) 
Programs (Washington, D.C.: U.S. Department of Agriculture, 1987). 
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Table 7-3. United States: Effects of IPM on Insecticide Use, 1971-82 
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Crop Use of IPM 
Corn minimal 
Soybeans minimal 
Grain Sorghum intensive 
Cotton intensive 
Peanuts intensive 


Insecticide Use 


1971 1982 Change 
(kilograms/hectare) (percent) 
0.38 0.41 +8 
0.15 0.17 +13 
0.30 0.18 —4l1 
6.63 1.68 —75 
4.48 0.86 —81 


source; R.E. Frisbie and P.L. Adkisson, “IPM: Definitions and Current Status in U.S. Agriculture,” in 
Marjorie A. Hoy and Donald C. Herzog, eds., Biological Control in Agricultural IPM Systems (Orlando, Fla: 


Academic Press, Inc., 1985). 


funding from several foreign govern- 
ments and technical support from the 
U.K.-based Commonwealth Institute for 
Biological Control. Extensive searching 
in Latin America, cassava’s place of ori- 
gin, turned up some 30 species of natu- 
ral enemies of the mealybug. Several 
were quarantined and subsequently 
released in Africa.34 j 

To date, a tiny wasp called Epidinocar- 
sis lopezi, which parasitizes the mealy- 
bugs’ eggs, has produced remarkable re- 
sults. E. lopezi now effectively controls 
the mealybug over 65 million hectares in 
_13 countries of the cassava belt. African 
farmers are again growing cassava where 
mealybug damage had previously deci- 
mated the crop. So far, the effort has cost 
about $12 million, less than half the cur- 
rent cost of commercializing one chemi- 
cal pesticide. Assuming E. lopezi pro- 
vides the permanent control a successful 
introduction should, the annual benefits 
to African farmers will far exceed the 
project’s costs.35 

Another type of biocontrol strategy 
involves releasing large numbers of a 
pest’s natural enemy during critical peri- 
ods of the growing season to temporarily 
suppress the pest population, much the 
way chemical pesticides do. Probably the 
most widely used control agent of this 
type is Trichogramma, a tiny wasp that 


lives on the eggs of certain butterflies 
and moths, preventing them from devel- 
oping into crop-damaging caterpillars. 
Useful in both temperate and tropical 
regions, Trichogramma now controls 
moth pests on an estimated 17 million 
hectares of cropland worldwide.*® 

So far, most IPM and biological con- 
trol strategies have been directed at in- 
sect pests, and thus have reduced insec- 
ticide use. Of growing importance, 
however, are nonchemical methods of 
controlling weeds, the other major class 
of crop-damaging pests. The use of 
fungi, bacteria, and other disease-caus- 
ing agents as “‘bioherbicides” shows per- 
haps the greatest near-term promise for 
supplanting chemicals in weed control. 
In recent years, two bioherbicides rely- 
ing on a fungus as the working agent 
have entered the U.S. market. DeVine, 
produced by Abbott Laboratories, con- 
trols the milkweed vine in Florida citrus 
groves, and Collego, marketed by the 
Upjohn Company, has achieved 90 per- 
cent control of northern jointvetch, a 
troublesome weed in Arkansas rice and 
soybean fields.37 

Altering cultural practices and hi 
ping patterns can also help contro 
weeds, just as it does insect pests. Re- 
search efforts under way include inter- 
cropping—for example, growing a nitro- 
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gen-fixing legume between rows of 
wheat. The legume competes with 
weeds, keeping them in check, besides 
adding nitrogen to the soil for the next 
season’s crop. Planting cover crops that 
inhibit the germination or growth of 
weeds also shows promise. Such crop- 
ping patterns make use of a phenome- 
non known as allelopathy, the inhibition 
of one plant by another through the re- 
lease of natural toxins. Researchers at 
Michigan State University have found, 
for example, that leaving residues of rye, 
sorghum, wheat, or barley on a field can 
provide up to 95-percent weed control 
for a month or two.%8 
The future of IPM, biological control, 
and other pesticide reduction practices, 
while promising, is clouded by ‘several 
factors. New techniques in biotech- 
nology could serve either to promote or 
to undermine nonchemical methods of 
pest management. Scientists can use 
gene-splicing methods, for example, to 
build pest resistance into crop varieties 
better and more quickly. Crops less 
_ damaged by pests and disease would 
need fewer chemicals applied to them. 
On the other hand, some two dozen 
chemical and ‘biotechnology companies 
are researching ways to make crops re- 
sistant to chemical herbicides. Crops en- 
gineered to resist weed-killers could 
pave the way for broader use of chemi- 
cals.39 
In recent years, several U.S. chemical 
companies have developed herbicides 
that apparently pose little risk to people, 
fish, and other animals, and that either 
break down rapidly in the environment 
or will not leach into groundwater. 
These seemingly safer chemicals could 
also undermine biological and other 
nonchemical techniques by offering a 
new and tempting quick. fix. Indeed, the 
vast majority of corporate R&D in herbi- 
cide resistance is directed toward these 
newer compounds.*° 
Given the number of adverse chemical 
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effects that have taken society by sur- 
prise, it seems unwise to place faith and 
resources solely in new products. Safer 
chemicals are certainly a welcome devel- 
opment, but they will best serve farmers 
and society if their use is integrated with 
other promising pest control methods. 


RETHINKING INDUSTRIAL 
WASTE MANAGEMENT 


For many countries taking on the chal- 
lenge, locating and cleaning up all the 
leaking landfills and waste lagoons scat- 
tered across the industrial landscape will 
be among the highest priced items on 
their environmental agendas. Remedy- 
ing the legacies of past mismanagement, 
however, only begins to address the tox- 
ics dilemma. Unless the wastes currently 
produced are better managed, new 
threats will simply replace the old ones, 
committing society to a costly and per- 
petual mission of toxic chemical clean- 
ups. Moreover, without concerted ef- 
forts to reduce, recycle, and reuse more 
industrial waste, the quantities produced 
will overwhelm even the best treatment 
and disposal systems, and the goal of 
risk-minimizing, sustainable waste man- 
agement will remain elusive. 

Most countries still rely predomi- 
nantly on land disposal methods—such 
as landfills, lagoons, and injection 
wells—for their hazardous wastes. But in 
several parts of Europe advanced tech- 
nologies and effective institutional ar- 
rangements have combined to create 
management systems that appear to pre- 
vent most waste from being released 
into the environment in hazardous 
forms. Two such programs with com: 
paratively long track records are those in 
Denmark and the West German state of 


Bavaria.*! 
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In both regions, integrated treatment 
facilities equipped with incinerators, in- 
organic chemical treatment plants, and 


secure landfills form the technological , 


backbone of hazardous waste manage- 
ment. A network of collection stations 
feeds wastes into regional facilities. With 
limited exceptions, Danish and Bavarian 
industries are required to send their 
wastes to a publicly controlled company 
that holds a monopoly on the waste man- 
agement market.*? 

In sharp contrast to this public mo- 
nopoly approach, the U.S. hazardous 
waste system is characterized by pri- 
vately owned, competitive facilities op- 
erating with little or no public monies. 
About 95 percent of U.S. industry’s haz- 
ardous waste is disposed of on the site 
where it is generated; scattered commer- 
cial facilities handle the rest. The U.S. 
government’s role is strictly regulatory: 
It sets construction and operating stan- 
dards with which the waste management 
facilities are to comply.43 


Strategies to reduce waste differ 
markedly from the end-of-pipe 
treatment to which most industries 
have grown accustomed. 


Neither approach will work best in all 
situations, since any institutional ar- 
rangement must mesh with the prevail- 
ing ideology and political culture. Yet 
more than a decade after passage of the 
U.S. hazardous waste law, a comprehen- 
sive, smooth-running system is not in 
place. Meanwhile, several other nations 
have adopted programs patterned after 
the Danish and Bavarian approaches, in- 
cluding Finland, South Korea, and Swe- 
den. From available evidence, it seems 
that programs with a strong public sec- 
tor management role have come closer 
to the goal of minimizing risks from 
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chemical wastes entering the environ- 
ment.*# 

Regardless of the type of management 
system established, greater efforts are 
needed to curb the amounts of waste 
being generated. Rising costs, scarce 
treatment and disposal capacity, and 
public opposition to siting new facilities 
plague hazardous waste programs virtu- 
ally everywhere. In the United States, 
landfill prices have skyrocketed to $240 
per ton, a sixteenfold increase since the 
early seventies. Incineration of organics 
now costs between $500 and $1,200 per 
ton. Waste management costs for Du 
Pont, the nation’s largest chemical pro- 
ducer, now exceed $100 million annu- 
ally. Paul Chubb, vice chairman of Du 
Pont’s Manufacturing Committee, says 
that “an economical and environmen- 
tally acceptable’? waste management 
plan may now “hold the key to the suc- 
cess or failure of many of our busi- 
nesses.’’45 

By not producing waste, industries ob- 
viously avoid all the costs and risks of 
treating, storing, transporting, and dis- 
posing of it. Strategies to reduce waste 
differ markedly from the end-of-pipe 
treatment to which most industries have 
grown accustomed. They focus on the 
production process itself, examining 
where wastes are generated and explor- 
ing how they can be reduced. Simple 
housekeeping measures, such as segre- 
gating wastes so they can more easily be 
reused, sometimes result in surprisingly 
large waste reductions. Other options 
include changing manufacturing pro- 
cesses, using different raw materials, and 
replacing hazardous products with safer 
substitutes.46 

Numerous case studies of individual 
company efforts collectively attest to 
waste reduction’s feasibility and cost-ef 
fectiveness. (See Table 7-4.) The Min- 
nesota Mining and Manufacturing Com- 
pany (3M) probably has the longest- 
standing commitment to waste reduc- 
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Table 7-4. Selected Successful Industrial Waste Reduction Efforts 


Company/ 

Location Products 

Astra Pharmaceuticals 
Södertälje, Sweden 

Borden Chem. Resins; 
California, United adhesives 
States 

Cleo Wrap Gift wrapping 
Tennessee, paper 
United States 

Duphar Pesticides 
Amsterdam, 
The Netherlands 

Du Pont Pesticides 
Barranquilla, 
Colombia 

Du Pont Paints; finishes 


Valencia, Venezuela 


3M Varied 
Minnesota, 
United States 

Pioneer Metal Finishing _ Electroplated 
New Jersey, metal 


United States 


Strategy and Effect 


Improved in-plant recycling and substitution 
of water for solvents cut toxic wastes by 
half. 


Altered rinsing and other operating 
procedures cut organic chemicals in 
wastewater by 93 percent; sludge disposal 
costs reduced by $49,000 per year. 


Substitution of water-based for solvent-based 
ink virtually eliminated hazardous waste, 
saving $35,000 per year. 


New manufacturing process cut toxic waste 
per unit of one chemical produced from 20 
kilograms to 1. 


New equipment to recover chemical used in 
making a fungicide reclaims materials 
valued at $50,000 annually; waste 
discharges were cut 95 percent. 


New solvent recovery unit eliminated 
disposal of solvent wastes, saving $200,000 
per year. 


Companywide, 12-year pollution prevention 
effort has halved waste generation, yielding 
total savings of $300 million. 


New treatment system design cut water use 
by 96 percent and sludge production by 20 
percent; annual net savings of $52,500; 
investment paid back in three years. 


source: Worldwatch Institute, based on various sources. 


tion of any major corporation. Through 
its “Pollution Prevention Pays” pro- 
gram, launched in 1975, the company 
claims to have halved its generation of 
wastes and saved nearly $300 million.*7 

As a creative, ongoing endeavor that 
essentially equates waste with inefh- 
ciency, waste reduction represents a new 


way of thinking. Its success hinges on top 
management making it a priority, since 
ideas can spring from all phases of a pro- 
duction process. 3M developed a video- 
tape and brochure explaining the goals 
of its pollution prevention program to 
employees, and holds award ceremonies 
to recognize those who develop innova- 
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tive projects. USS Chemicals rewards 
employees who develop waste-cutting 
ideas with a share of the money thereby 
saved. As of 1986, the company had dis- 
tributed $70,000 in rewards for projects 
saving a total of $500,000.48 

Despite signs of a shift toward waste 
reduction, the gains achieved so far rep- 
resent a small share of their potential. A 
study of 29 U.S. organic chemical plants 
conducted by INFORM, an environmen- 
tal research group in New York, found 
that the waste reductions achieved by 
the companies examined, while impres- 
sive, amounted to only a minute fraction 
of the total waste volume the facilities 
generated. EPA estimates that expanded 
use of existing techniques could reduce 
the total U.S. industrial waste stream by 
15-30 percent. As the broad-based 3M 
program suggests, vigorous efforts 
could do much more.*9 

Along with reducing waste at its 
source, recycling and reusing waste can 
slow the volume of chemicals needing 
treatment and disposal and help keep 
toxics out of the environment. Many in- 
dustries recycle a portion of their wastes 

` internally, and to the extent that these 
quantities are excluded from statistics, 
recycling rates can be underestimated. 
Still, in most countries, recycling ac- 
counts for only a small fraction of the 
total volume of waste managed. 

Japan seems to have advanced the fur- 
thest of any major industrial country to- 
ward recycling and reusing its industrial 
waste. Of the estimated 220 million tons 
of waste generated in 1983, more than 
half was recycled. (See Table 7-5.) Incin-. 
eration, dewatering, and other treat- 
ment methods eliminated 31 percent of 
the waste stream, leaving just 18 percent 
for final disposal. Since these figures 
apply to all industrial waste, not just to 
those specified as hazardous or toxic, 
they are not strictly comparable to other 
national estimates. Japan’s accomplish- 
ments are impressive nonetheless. 

In Japan, North America, and Western 
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Table 7-5. Japan: Industrial Waste 
Management, 1983 


Share of 
Waste Disposition Quantity Total 
(million 
tons) (percent) 
Total Generated 220.5 100 
Recycled and Reused 112.7 51 
Delivered Off-site for (78.5) (36) 
Reuse 
Reused On-site (34.2) (15) 
Reduced Through 68.9 31 
Treatment and 
Incineration 
Disposed of 38.9 18 


SOURCE: Clean Japan Center, Recycling ‘86: Turning 
Waste into RESOURCES (Tokyo: 1986). 


Europe, waste exchanges have suc- 
ceeded to varying degrees in promoting 
the recycling and reuse of industrial 
waste. Exchanges operate on the simple 
premise that one industry’s waste can be 
another’s raw material. Most of them. 
serve as information clearinghouses, 
publishing catalogs of “waste available 
and “waste wanted” listings to inform 
industries of trading opportunities. In 
Japan, exchanges have helped create 
markets for materials that previously had 
not been recycled, including sludges, 
slags, and waste plastics. Sixteen non- 
profit exchanges currently operate in 
North America, and several have ex- 
perienced healthy growth in recent 
years.50 


DETOXIFYING THE 
ENVIRONMENT 


Current efforts in integrated pest man- 
agement and industrial waste reduction 


Controlling Toxic Chemicals 


only hint at the long-term potential of 
these two strategies to detoxify the envi- 
ronment. Halving pesticide use in agri- 
culture and cutting industrial waste by at 
least a third over the next decade would 
be reasonable targets for most countries. 
Yet for society to realize these gains, 
policies and funding priorities need to 
actively promote these new methods of 
production in agriculture and industry, 
rather than undermining them. 


eee 


The private sector has little incen- 
tive to develop strategies relying on 
crop rotation or a permanent bio- 
logical control agent. 


ae 


Unraveling the near-total reliance 
farmers have acquired on chemicals will 
require much greater efforts from agri- 
cultural extension workers and research- 
ers to advance nonchemical methods of 
controlling insects and weeds. In the 
United States the USDA Extension Ser- 
vice spent $48 million on IPM between 
1973 and 1983. This modest public in- 
vestment has increased farmers’ profits, 
but so far apparently has not captured 
the potential societal benefits of reduced 
chemical use. Broadening the use of 
crop rotation, intercropping, and bio- 
logical control requires that extension 
agents work closely with farmers, offer- 
ing education, training, and demonstra- 
tions that these less familiar techniques 
work. Yet USDA Extension Service fund- 
ing for IPM has remained at about $7.5 
million per year since 1981, just 2 per- 
cent of the agency’s total budget.*? 

In addition, greater public commit- 
ments to research and development are 
needed in the areas of biological, cultu- 
ral, and genetic methods of pest control. 
The private sector has little incentive to 
develop strategies relying, for example, 
on crop rotation or a permanent biologi- 
cal control agent because they involve 
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no marketable product. But the public 
sector is not adequately filling this R&D 
gap, despite evidence of the societal 
benefits. Currently, total direct federal 
funding in the United States for IPM re- 
search amounts to about $20 million an- 
nually—less than is needed to commer- 
cialize one chemical pesticide, and a 
mere one tenth of 1 percent of the $26 
billion paid to farmers in crop subsidies 
in 1986.5? 

Revenues to expand research and ex- 
tension efforts could come from a very 
modest tax on pesticide sales. Just a 2- 
percent tax on sales in the United States, 
which in 1985 totaled nearly $6.6 billion, 
would yield revenues sufficient to in- 
crease the annual federal IPM extension 
budget seventeenfold, the research bud- 
get more than sixfold, or the combined 
research and extension budgets nearly 
fivefold.5 Such an increase in resources 
could go a long way toward meeting a 
target of halving pesticide use. 

In developing countries, IPM and bio- 
logical control offer promises of reduced 
poisonings and deaths from toxic pesti- 
cides, while simultaneously creating 
more sustainable crop production sys- 
tems. A number of institutions are pro~ 
moting nonchemical pest control meth- 
ods for Third World farmers, but actual 
implementation of these strategies has 
lagged. As David Greathead, Director of 
the U.K.-based Commonwealth Institute 
of Biological Control, points out, alter- 
natives to pesticides are still usually 
adopted only as a last resort—for exam- 
ple, when chemicals become too expen- 
sive or fail to work against resistant 
pests—rather than as an integral part of 
agricultural planning and develop- 
ment.>4 

‘An important first step for much of the 
Third World is to stop subsidizing 
chemical pesticides so heavily. Subsidies 
encourage farmers to apply more chemi- 
cals than is economically justified, un- 
dermine the development and use of 
nonchemical methods, and ultimately in- 
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crease all the risks associated with toxic 
farm chemicals. In a study of nine devel- 
oping countries—three -each from 
Africa, Asia, and Latin America—the 
World Resources Institute of Washing- 
ton, D.C., found that pesticide subsidies 
ranged from 19 percent of real retail 
costs in China to 89 percent in Senegal. 
By phasing subsidies out and devoting 
the public funds thereby freed to re- 
search and extension in IPM and biolog- 
ical control, governments could do 
much to promote more ecologically 
sound and sustainable pest control.55 

Mounting concerns about pest resis- 
tance, chemical costs, groundwater con- 
tamination, and health risks have 
spurred a few governments to act to curb 
pesticide use. Indonesia achieved self- 
sufficiency in rice in 1984, but now finds 
that position threatened by the brown 
planthopper, an insect pest that has ac- 
quired resistance to every major rice 
pesticide. In November 1986, President 
Suharto banned the use of 57 insecti- 
cides on rice, and essentially made IPM 
national policy. By July 1987, extension 
workers had trained 31,000 farmers in 
IPM techniques. No other country has so 
strongly supported IPM at such a high 
official level. Indonesia’s effort may set 
an example other nations trapped in the 
pesticide treadmill could follow.56 

In Sweden, a program adopted in 
1987 aims at cutting risks from pesti- 
cides by half over the next five years. 


Similarly, a new Danish program has tar- . 


geted a 25-percent reduction in pesti- 
cide use by 1990 and a further 25-per- 
cent reduction by 1997. The 
government has imposed a 3-percent tax 
on pesticides to help pay for increased 
R&D and educational efforts in non- 
chemical pest control.57 

In the United States, several States— 
including Iowa, Nebraska, and Ver- 
mont—have initiated efforts to reduce 
risks from pesticides. But IPM will not 
gain widespread use among U.S. farmers 
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until federal agricultural policies cease 
to indirectly promote pesticide use. Gov- 
ernment programs offer farmers a guar- 
anteed price for certain crops, and, to 
control crop surpluses, encourage them 
to idle a portion of their cropland. USDA 
economist Katherine  Reichelderfer 
points out that the combination leads 
farmers to maximize yield—and_ thus 
guaranteed income—on the land kept in 
production. They do so with greater use 
of agricultural inputs, including pesti- 
cides, which partially or wholly offsets 
the pesticide reductions that result from 
idling land.58 

By tying conservation priorities to 
farm programs, the Food Security Act of 
1985 offered a unique opportunity to re- 
dress some of the negative conse- 
quences of agricultural practices. Argu- 
ably one of the strongest conservation 
initiatives in decades, the act created a 
“conservation reserve,” which by 1990 
will include some 16 million hectares of 
highly erodible cropland. Legislation in- 
troduced in the Senate in July 1987 
would broaden the use of thie reserve by 
making eligible for it cropland as- 
sociated with the contamination of water 
supplies. By linking federal efforts to 
curb crop surpluses with state and local 
efforts to protect drinking water, such 
action would increase the societal bene- 
fits of the government’s multibillion-dol- 
lar farm programs.59 

Regarding industrial chemical wastes, 
virtually no country has yet designed an 
effective, long-term strategy. More vig- 
orous research and development in 
waste-reducing technologies, technical 
and financial support to encourage in- 
vestments in such technologies, and, in 
Some cases, a tax on waste generated 
could probably cut problem wastes by at 
least a third in most countries over the 
next decade. 

Several West European nations now 
show strong commitments to promoting 
“cleaner technologies” and other meth- 
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ods of curbing toxic pollution. The 
French government, for example, pays 
up to half the costs for research into 
widely applicable waste-minimizing 
technologies, and offers investment sub- 
sidies of 10 percent for demonstrations 
of pollution prevention techniques. f- 
ficials estimate that in 1984, government 
expenditures to promote cleaner tech- 
nologies totaled 192 million francs ($35 
million), inducing investments by pri- 
vate industry of several times that 
amount. 

In the Netherlands, a special Commit- 
tee on Environment and Industry has 
aided some 200 clean technology re- 
search, development, and demonstra- 
tion projects. The Dutch government 
spends about $8 million per year on such 
efforts, a large sum for a country of only 
14.5 million people. Denmark and West 


Germany, widely lauded for their waste, 


management systems, have recently 
stepped up their waste reduction efforts 
as well, Both have initiated pilot projects 
to promote clean technologies.®! 

Efforts in the United States pale in 
comparison to these European initia- 
tives. EPA’s 1988 budget request for 
waste minimization activities totals just 
$398,000—0.03 percent of its $1.5-bil- 
lion operating program budget, and less 
than was spent in 1986.6? With the na- 
tion already facing costs of from $20 bil- 
lion to $100 billion to clean up old toxic 
waste sites, it seems foolhardy to ignore 
the timeworn truism that an ounce of 
prevention is worth a pound of cure. By 
investing modestly in waste reduction 
now, the government can avoid future 
problems and costs arising from waste 
mismanagement, shortfalls in treatment 
capacity, and public opposition to siting 
new facilities. 

Legislation introduced in the U.S. 
Congress in June 1987 contains most of 
_ the elements needed for a successful na- 
tional effort. It would create an Office of 
Waste Reduction within EPA, giving 
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waste reduction a high-level institutional 
home and signaling a strong federal 
commitment. It authorizes up to $18 
million for waste reduction activities: $8 
million to operate the new office and $10 
million for grants to the states. This 
would provide useful seed money, but 
greater funding for state efforts seems 
needed to get the waste reduction ball 
rolling effectively.®? 


2 ee _ 


A tax on waste generated could 
probably cut problem wastes by at 
least a third in most countries. 
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A handful of states already have their 
own programs, but they could benefit 
greatly from an infusion of federal 
funds. OTA analysts point out that 
spending $200 million over five years on 
state waste reduction grants could save 
industry billions of dollars in avoided 
management costs. Moreover, tax reve- 
nues from increased company profits 
likely would exceed the federal cost of 
the program.® If reallocating a small 
share of EPA’s budget to pay for the pro- 
gram seemed infeasible, a minimal tax 
on waste—less than $1 per ton—would 
generate more than enough to launch a 
strong waste reduction initiative. 

Few developing countries have even 
established the basic foundation of a 
hazardous waste management system. 
Most have no regulations governing 
toxic waste and no facilities capable of 
adequately treating and disposing of 
such materials. South Korea appears to 
be one exception, having fairly compre- 
hensive legislation and two advanced 
treatment facilities slated to begin op- 
eration in 1987. An active exchange of 
information and experience between 
governments and industries in industrial 
countries with policymakers in develop- 
ing countries could do much to advance 
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the Third World’s management of toxic 
chemicals. In a program announced in 
August 1986 three U.S. corporations— 
Dow Chemical, Exxon, and Mobil—will 
help train Indonesian environmental 
officials in industrial ‘environmental 
management techniques, including haz- 
ardous waste management.®5 

Making industries assume responsi- 
bility for more of the societal costs and 
risks associated with hazardous sub- 
stances is crucial to fostering a transition 
to safer chemicals and products. Gov- 
ernment regulators often bear the bur- 
den of showing that a substance causes 
unacceptable harm before they can act 
to restrict or ban it. If, instead, industries 
had to prove suspect substances safe, 
and if they faced strict liability for dam- 
ages caused from the manufacture, use, 
and disposal of their products, risks 
would diminish throughout the chemical 
cycle. Risky substances would be weeded 
out in industrial laboratories, rather 
than by a regulatory agency after many 
years of use.66 

Voters in California overwhelmingly 
approved a referendum in 1986 that 
shifts at least some responsibility for 
chemical safety over to industry. It pro- 
hibits industries from releasing chemi- 
cals on a state list of those believed to 
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cause cancer or birth defects in a manner 
that might allow them to enter drinkin 
water. It also requires the labeling of 
products containing those chemicals, 
even in trace amounts. In court actions 
involving exposures to substances cov- 
ered by the law, industry bears the bur- 
den of proving the contested exposure 
harmless.§7 If rigorously enforced, the 
new law in California should provide 
substantial incentive for the manufac- 
ture and use of safer chemicals and pro- 
ducts. 

A unique convergence of public and: 
private interests now makes it a ripe time 
to promote alternative pest control 
methods and better management of in- 
dustrial chemicals. Both farmers depen- 
dent on pesticides and generators of 
hazardous waste face rising costs and 
risks associated with their practices. 
Governments face the complex and ex- 
pensive task of protecting people from 
contamination caused by agricultural 
and industrial chemicals. And a justifi- 
ably wary public wants assurance that its 
water, food, and surrounding environ- 
ment are safe. Technologies and meth- 
ods to minimize pesticide use and indus- 
trial waste tackle each of these concerns. 
For everyone’s benefit, they deserve 
promoting. 
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The nightmare of nuclear weapons 
makes dreams of perfect defenses 
against them understandable. An all-out 
nuclear exchange would almost certainly 
end Soviet and American societies as we 
know them. Even a limited nuclear war 
would kill an estimated 30 million 
Americans and Soviets, throw both 
economies into indefinite decline, and 
cause millions of cancer deaths and ge- 
netic defects. Thus, when President Rea- 
gan’s Strategic Defense Initiative (SDI) 
seemed to offer an alternative to Mutual 
Assured Destruction, it received serious 
attention.! 

President Reagan at first proposed a 
goal of “eliminating the threat posed by 
strategic nuclear missiles.” His original 
SDI plan was to develop a near-perfect 
defense of the entire U.S. territory. But 
it has become increasingly clear that de- 
fending populations against nuclear at- 
tack by a determined foe is virtually im- 
possible. Any ballistic missile defenses 
deployed this century would not protect 
people directly; they would protect 
weapons.? 

Defending weapons, according to SDI 
proponents, would reduce the threat of 
nuclear war and therefore benefit every- 
one. SDI critics counter that less-than- 


perfect defenses would, at best, cost bil- 
lions of dollars and benefit no one. At 
worst, they argue, missile defenses on 
one side would create a first-strike ad- 
vantage, thus increasing the temptation 
for both sides to launch attacks in a seri- 
ous crisis.° 

A defense deployment in the absence 
of new arms control measures would in 
any case guarantee a new arms race. The 
Soviets would try to catch up with the 
United States—and vice versa—by add- 
ing defenses of their own or, more likely, 
enough new warheads to overwhelm any 
defense. Former Secretary of Defense 
Caspar Weinberger voiced this likeli- 
hood when he said in 1984 that “even a 
probable [Soviet] territorial defense 
would require us to increase the number 
of our offensive forces.” 

Concern that a costly SDI deployment 
could erode the superpowers’ economic 
security has arisen alongside strategic 
matters. Some critics, for example, 
worry that an expensive arms race would 
divert capital and attention from prob- 
lems of declining U.S. competitiveness 
and Soviet economic inefficiency. Their 
concerns have some merit, for early de- 
ployment might cost Americans each 
year during the nineties as much as they 
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currently invest in manufacturing.’ Simi- 
larly, early deployment would burden 
the Soviet Union at a time when it might 
otherwise place highest priority on liber- 
alizing its economy—perhaps the best 
opportunity for improving Soviet- 
American relations since the dawn of the 
nuclear age. Because SDI’s direct costs 
and its opportunity costs are both very 
large, its advocates must persuade 
policymakers that it could substantially 
diminish the threat of war. 


THE ILLUSION OF PERFECT 
DEFENSE 


If the superpowers could make strategic 
defenses work perfectly, they would es- 
cape from the mutual hostage condition 
of nuclear deterrence. They could, in 
Ronald Reagan’s words, “defend rather 
than avenge.” But a growing scientific 
chorus holds that SDI is highly unlikely 
to provide a near-perfect defense at any 
cost. This realization arises from the 
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strategic and technical realities of deter- 
rence.® 

President Kennedy’s secretary of de- 
fense, Robert S. McNamara, believed 
that the United States had to deter So- 
viet conventional force with conven- 
tional force, and its nuclear force with 
nuclear force. This approach led to the 
concept of mutual assured destruction, 
the capability of destroying Soviet soci- 
ety even after suffering a nuclear sur- 
prise attack. McNamara defined this as 
the ability to destroy 25 percent of the 
Soviet population and 50 percent of So- 
viet industry, in part because studies 
showed that larger attacks would yield 
diminishing results. The superpowers 
now have many times this power. (See 
Table 8-1.)7 

The Nixon administration, perhaps 
because the U.S. arms buildup had pro- 
vided far more weapons than were 
needed for the McNamara goal, initiated 
what became known as warfighting 
Strategies. In the event of Soviet provo- 
cation, the U.S. president was to be pre- 
sented with a variety of retaliatory op- 
tions, including various “withholds.” 


.Table 8-1. Superpower Nuclear Weapons Capability, 1987! 


Delivery System 


Force Available 
Relative to Force Needed? 


Land-Based Missiles 
Submarine-Based Missiles 


Airplanes 


Destruction. *Defined as destroying 25 pe 
try, respectively. It is assumed that 300 equival 
is for arsenals before an attack by an opponent 


SOURCE: Worldwatch Institute, based on Intern; 
(London: 1986), and on “U.S.-So 
ington, D.C., September 1987. 


(ratio?) 
4 14 
3 5 
8 1 


rpreting these ratios. For example, U.S. missiles are more 
of great importance for missions other than Mutual Assured 
Tcent and 50 percent of the opponent's population and indus- 
ent megatons is sufficient for this task. The capability given 
A t/ A surprise attack would reduce the number of times one 
side could destroy the other by two thirds or ier oe 
e rational Institute for Strategic Studies, The Military Balance 
viet Strategic Nuclear Forces.” Center for Defense Information, Wash- 
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For example, the president could refrain 
from attacking all Soviet cities or targets 
that would create an especially large 
number of civilian casualties. 

The president might want to attack 
only the same types of targets that the 
Soviets had destroyed, so that if U.S. 
missiles and bomber bases had been hit, 
surviving weapons and submarine mis- 
siles would be used against comparable 
military targets. The idea was that the 
United States should not be left with 
only the option of attacking Soviet cities, 
an escalation that would leave the Soviet 
leadership little choice but to respond in 
kind, thus converting a catastrophic war 
into an apocalyptic one. 

More recent advocates of warfighting 
strategies reiterate that it is not credible 
to threaten Armageddon for every nu- 
clear attack, and that the president 
should not be forced to choose between 
doomsday and surrender for lack of op- 
tions. That is, if the Soviets have only 
attacked U.S. missile silos, attacking the 
entire Soviet society would be the final 
folly. They add that targeting innocent 
civilians for mass murder is immoral. 

Critics, however, contend that plan- 
ning for these warfighting contingencies 
makes war more likely by making it more 
thinkable. They argue that limited nu- 
clear war is impossible and will inevita- 
bly escalate out of control, and therefore 
any planning that makes the use of nu- 
clear weapons more likely is unethical 
and dangerous. They maintain that, in 
any case, a “limited” attack that killed 15 
million Americans would not likely be 
met by a limited response. 

McNamara himself now argues that 
nuclear weapons are useless except for 
deterring the use of nuclear weapons 
themselves, not for achieving other mili- 
tary. goals. Other analysts, such as 
Princeton physicist Frank von Hippel, 
submit that the world would be safer, 

. Telatively speaking, with mutual assured 
destruction as the prevailing strategy 


(139) 


than with warfighting strategies.’ 

Most people in the United States, ac- 
cording to surveys, share McNamara’s 
attitude. For that reason, Americans are 
sometimes surprised to learn that U.S. 
policy follows exactly the. kind of war- 
fighting strategy many find absurd. With 
Presidential Directive 59, Jimmy Carter 
expanded the number of sets of targets 
and seemed to pursue the capability of 
waging and winning a protracted nuclear 
war. The Reagan administration 
strongly embraced this policy.® 

President Reagan ostensibly launched 
SDI as a way out of these nuclear straits, 
as a means of mutual assured survival. 
Unfortunately, perfect defense against 
nuclear weapons is technically impossi- 
ble for three reasons. First, no system 
can be tested: against the real contin- 
gency in which it must perform, and 
therefore can never be considered per- 
fectly reliable. Second, technology has 
not advanced to the point where perfect 
defenses could work cheaply enough to 
be feasible. Third, a determined offense 
can use a number of countermeasures to 
overcome a defense against ballistic 
missles.!° 

Confidence is a prerequisite for in- 
vesting in technological systems. It is un- 
imaginable that the United States or the 
Soviet Union would stake deterrence on 
the ability to retaliate with weapons they 
have not tested. Ballistic missiles, for ex- 
ample, are tested dozens of times for re- 
liability and accuracy. Aircraft and pilots 
are continuously tested under the most 
realistic conditions possible. A system of 
space-based lasers directed by computer 
programs millions of lines long would be 
unlikely to work perfectly, or even well, 
the first time. Corrections entered in 
computer code are estimated to gener- 
ate new errors between 15 and 40 per- 
cent of the time.!? : 

The most important constraints to 
achieving the perfect SDI shield are 
technical. The exotic technologies that 
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have received so much attention since 
President Reagan's “Star Wars” speech 
in 1983 are generally decades away from 
maturity. The ‘directed-energy” sys- 
tems such as lasers and particle beam 
guns being studied by the Strategic De- 
fense Initiative Office would destroy 
missiles by attacking them in launch, or 
boost, phase. 

Boost phase is the first of the three 
stages of ballistic missile flight; it refers 
to the 150-300 seconds required for 
today’s missiles to achieve the momen- 
tum needed to propel their warheads 
over distances of 10,000 kilometers 
(6,000 miles). Missiles in this phase are 
simple to detect because the bright 
plumes of their rockets give infrared sig- 
nals that are easy for satellite monitors 
to identify and track. Destroying missiles 
before they deploy their multiple war- 
heads—up to 10 on each Soviet SS-18 
missile and potentially 100 decoys—also 
makes the task easier for the defense. 
Unfortunately for the defense, boost 
phase is not only short, but can be cut to 
just 100 seconds.!2 


The Soviets could always add mis- 
siles to reestablish the former stra- 
tegic balance for much less than 
Americans would have to spend. 


Directed-energy systems would in any 
event have to be vastly scaled up in 
power and size. The hydrogen fluoride 
laser, for example, is the most mature of 
these technologies, and it would have to 
be a hundred times more powerful than 
current technology permits in order to 
destroy Soviet missiles effectively.13 

Other directed-energy systems would 
suffer similar difficulties. X-ray lasers, 
for example, would destroy missiles 
much more quickly because they provide 
higher power. But since nuclear explo- 
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sives provide the “pumping” energy for 
X-ray lasers, they could not be retar- 
geted if they missed. Because they incor- 
porate nuclear warheads, American “de- 
fensive” weapons are unlikely to be 
cheaper than Soviet “offensive” weap- 
ons, particularly since expensive detec- 
tion and tracking equipment will be re- 
quired. It is highly unlikely that such 
sophisticated equipment could be de- 
ployed in space at an acceptable cost, 
and even less that it could be kept per- 
petually ready to fire. 

Some might argue that cost should not 
matter because a defense against nu- 
clear-tipped missiles would be worth any 
price. But cost does matter: A laser 
weapon costing $1 billion could destroy 
perhaps as many as 20 mnissiles.!* 
Twenty missiles would- at most cost only 
half as much as the laser. Thus, the Sovi- 
ets could always add missiles to reestab- 
lish the former strategic balance for 
much less money than the Americans 
would have to spend to regain the new 
balance. It would be like trying to “keep 
up with the Joneses” when the Joneses 
get a 50-percent discount on everything 
they buy. 

Any space-based weapon would also 
be exceedingly vulnerable to attack. 
Space mines can be deployed against 
them. Even sand placed in the orbit of 
sensitive mirrors could destroy them. 
And “defensive” directed-energy weap- 
ons on one side can destroy directed- 
energy weapons on the other. 

If a ballistic missile defense could 
work perfectly, it would still not remove 
the potential for a determined enemy to 
attack the United States with nuclear 
weapons. Both the United States and the 
Soviet Union have bombers and cruise 
missiles equipped to deliver nuclear ex- 
plosives, with either side having suffi- 
cient force in strategic aircraft alone to 
destroy the other’s society. If the Soviet 
Union felt really threatened, it could 
smuggle cargoes past U.S. borders—as 
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drug dealers do every day—and hide nu- 
clear weapons inside them. The hope of 
a perfect defense against nuclear weap- 
ons thus seems, at best, a fantasy. That 
is why SDI has already taken on new, 
less-than-perfect missions, with goals 
that derive from traditional nuclear war- 
fighting strategies. This reality has in 
fact moved the director of SDI research, 
Lt. Gen. Dean Abrahamson, to say, “No- 
where have we stated that the goal of the 
SDI is to come up with a ‘leakproof de- 
fense.”!5 


SDI’s New MISSIONS 


The original Reagan version of SDI en- 
visioned protecting cities against nuclear 
warheads. But a less-than-perfect ballis- 
tic missile defense would serve tradi- 
tional military goals of deterrence. Its 
objective would be outwardly similar to 
that of many strategic weapons systems: 
to reduce the incentive for the other side 
to strike first with nuclear warheads. It 
would most likely protect the U.S. Min- 
uteman and MX intercontinental ballis- 
tic missile forces or the command, con- 
trol, and communications systems 
necessary for actually using the U.S. ar- 
senal. 

Though many people assume that 
only a madman or an accident would 
launch a nuclear attack, war is conceiv- 
able if one side can perceive some ad- 
vantage in shooting first. The theory of 
mutual assured destruction is based on 
the ability to deny any such advantage. If 
the Soviets, say, were utterly con- 
vinced—mistakenly or otherwise—that 
the United States were about to launch a 
nuclear war, and that they could attack 
U.S. missiles and thus avoid complete 
destruction of Soviet society, they might 
be tempted to do so even if they would 
suffer many millions of deaths in the 
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counterstrikes that would certainly fol- 
low. In the elementary psychology of nu- 
clear security, this means attacking—or 
protecting—the nuclear sword itself. 

In the late eighties, it is conceivable if 
unlikely that the Soviets could destroy 
just over 80 percent of U.S. interconti- 
nental ballistic missiles in a surprise at- 
tack. After such an attack, the Soviets 
would still face 400 surviving warheads 
on Minuteman alone, not to mention the 
strategic air command and over 3,000 
submarine-based warheads that could 
destroy Soviet cities several times over. 
Though it is difficult to believe the Sovi- 
ets could find much advantage in striking 
first under such conditions, some strate- 
gic planners point to increasing Soviet 
missile accuracy and worry that the 
chance of a disarming first strike on Min- 
uteman is increasing.'® 

As Secretary of Defense, Caspar Wein- 
berger said that one goal of less-than- 
perfect ballistic missile defense would be 
to ensure the survival of a minimum 
number of Minuteman missiles, with the 
number depending on the intended tar- 
gets for retaliation as well as the capabil- 
ity of the defensive system. American 
military planners will probably want to 
ensure that a sufficient number of war- 
heads on Minuteman and MX missiles 
alone survived to destroy, say, half of 
Soviet industry and a quarter of its popu- 
lation—the criteria for assured destruc- 
tion. This would require some 200-400 
equivalent megatons of nuclear explo- 
sive.!? 

A similar number would enable the 
United States to strike a significant set of 
military targets deemed useful under a 
warfighting doctrine. Given the average 
number of warheads per U.S. missile, a 
goal of 200 surviving missile silos is 
likely. The number offers a scenario for 
evaluating issues and priorities bearing 
directly on the Strategic Defense Initia- 
tive.18 

The question of whether SDI will 
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“work” can be assessed by comparing 
the cost of defensive versus offensive 
strategies—the cost-exchange. The cost 
to the Soviet Union of defeating a U.S. 
ballistic missile defense must be higher 
than the cost to the United States of de- 
ploying it; otherwise, a tit-for-tat arms 
competition would ensue that the 
United States could not win.!9 

Any ballistic missile defense capable 
of operating in the nineties will require 
conventional missile interceptors that 
attack warheads in their terminal, or 
reentry, phase. In boost phase, the 
United States would have no way of 
knowing which Soviet missiles were tar- 
geted on the silos it wanted to protect. 
The midcourse phase of ballistic missile 
flight offers much more time for inter- 
cept than either the boost or terminal 
phase, but simple countermeasures 
would make midcourse interception ex- 
ceedingly difficult. The Soviets, for ex- 
ample, could throw many thousands of 
light-weight decoys at the United States 
along with several thousand warheads. 

Terminal-phase silo defense would 
rely on so-called High Endoatmospheric 
Defense Interceptors (HEDI), which 
could destroy incoming weapons at an 
altitude of 30 kilometers, high enough to 
avoid blast damage to the unprotected 
antiballistic missiles. The interceptors 
would be guided by relatively invulnera- 
ble, accurate sensors based in aircraft 
permanently stationed around the sites 
to be defended. The warheads would be 
non-nuclear, directed by homing infra- 
red interceptors, and could destroy tar- 
gets by hitting them directly or with ex- 
ploding fragments.20 

The cost-exchange ratio for a HEDI 
designed to protect 200 Minuteman 
silos would depend on interceptor reli- 
ability, efficiency, and cost, on the num- 
ber of warheads that the U.S, defense 
can force the Soviets to “spend” on each 
defended target, and on the cost of So- 
viet weapons. The United States might, 
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for example, deploy 1,000 interceptors 
to protect 250 silos and keep secret 
which ones were to be defended. Each 
preferentially defended silo would have 
four interceptors protecting it. The 
Soviets might then conclude that to de- 
stroy all 1,000 silos they would have to 
add four interceptors to each target, be- 
cause they would not know which silos 
were to be defended. Thus if warheads 
cost the same as interceptors, the Soviets 
would have to outspend the United 
States four to one to keep up with U.S. 
deployments.?! 

But the Soviets would not target U.S. 
missile silos so simplemindedly. They 
could exploit the Achilles’ heels in the 
defense such as the need to deploy inter- 
ceptors in clusters to save money on 
land, utilities, and personnel. Each clus- 
ter of interceptors would represent what 
amounts to a single target, and it is 
doubtful that they could defend them- 
selves against a sequence of more than 
three warheads. The warheads could be 
“salvage-fused,” meaning that they 
could be set to explode upon contact, 
and the resulting nuclear effects would 
seriously degrade defensive detection 
and tracking capabilities. If four war- 
heads were targeted on a cluster of any 
number of interceptors, it is likely that 
one would penetrate to destroy the clus- 
ter.22 


The likely outcome of either side 
deploying a ballistic missile de- 
fense is an expensive new arms 
race. 


The Soviets might feel uncomfortable 
with the notion of launching warheads in 
timed sequences or of depending on 
their ability to blind U.S. radar. If so, 
they could opt for a simpler but only 
slightly less favorable strategy of target- 
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ing one new warhead on each new inter- 
ceptor. Because the clusters would rep- 
resent the most valuable targets from 
the Soviets’ point of view, and because 
the United States would be forced to de- 
fend its interceptor clusters against each 
warhead, the exchange ratio would be 
one. The cost-exchange, then, would 
simply depend on the cost of warheads 
and interceptors. 

A silo defense might be cost-effective 
if one interceptor were deployed per 
warhead and if U.S. interceptor costs 
fell well below $6 million each, the cost 
per Soviet warhead. Under the assump- 
tions just described, however, a cost- 
exchange ratio clearly favorable to the 
defense would not occur for deploy- 
ments up to 10,000 interceptors. At 
worst, the Soviets could indefinitely 
add warheads to match the defense 
without a losing cost-exchange. At best, 
the United States would gain a cost 
advantage so slight it would fall within 
the range of errors caused by round- 
ing numbers.23 

The likely outcome of either side de- 
ploying a ballistic missile defense is an 
expensive new arms race. If, for exam- 
ple, the United States initially built 2,000 
interceptors to protect Minuteman mis- 
siles, it would spend about $25 billion. 
But the total cost to the Soviet Union to 
neutralize the deployment by adding 
new warheads would come to only about 
$13 billion. If the United States then re- 
sponded by adding more interceptors to 
try to recapture the advantage given by 
its initial deployment—to catch up with 
the Joneses, as it were—the Soviets 
could again match the deployment for 
roughly half the U.S. cost. 

Conceivably, a spiral of defensive de- 
ployments to protect missiles, offensive 
countermeasures, and new deployments 
could cost the superpowers over $100 
billion. (See Figure 8-1.) The result 
would be little change in deterrence, 
while thousands of additional Soviet 
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warheads would be aimed at U.S. terri- 
tory. 

A second less-than-perfect mission for 
ballistic missile defense, according to 
former Secretary Weinberger, would be 
to reduce the yulnerability of the U.S. 
command and control systems for nu- 
clear weapons. Concern that the Soviet 
Union could “decapitate” the U.S. nu- 
clear arsenal with a preemptive nuclear 
strike against this network has grown re- 
cently, at least among military analysts.** 

Command, control, and communica- 
tions systems—ranging from Presiden- 
tial bunkers through command aircraft 
to antennae towers—are much more vul- 
nerable targets than missile silos. They 
are far less hardened against explosive 
force, and they are not concentrated 
where they might be protected. Some 
analysts fear that Soviet destruction of a 
few vital command targets alone might 
cause the temporary loss of control of 
the U.S. arsenal. These installations thus 
might present tempting targets in a cri- 
sis, a possibility that looms large among 
those who worry that a Soviet strike that 
delayed or otherwise disorganized a U.S. 
retaliation would place the United States 
in danger of capitulation. Analysts who 
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accept this scenario often find merit in a 
cost-effective ballistic missile defense 
that could protect—albeit less than per- 
fectly—certain command and control 
targets.25 

Defending command, control, and 
communications systems under any as- 
sumption presents a more difficult prob- 
lem than defending missile silos. Warn- 
ing time would be shorter—because they 
would be attacked by off-shore subma- 
rines instead of land-based missiles, and 
the targets to be protected would be less 
blast-resistant and far more widely dis- 
tributed. The systems’ proximity to cit- 
ies would further complicate deploy- 
ment, for residents would be unlikely to 
want interceptor missiles based “in my 
backyard.” However, boost-phase inter- 
cept of submarine-launched missiles 
would protect both command installa- 
tions and bomber bases. 


Increases in military expenditures 
have already heavily burdened the 
U.S. economy. 


The most plausible near-term concept 
for intercepting Soviet submarine- 
launched missiles in boost phase would 
be a system of chemical rockets clustered 
on orbiting space platforms. The rockets 
would by necessity be very small and 
would be guided by separate battle-sta- 
tion satellites in addition to on-board 
homing infrared detectors. The inter- 
ceptors would seek the hot plume of an 
accelerating missile and maneuver to 
collide with the rocket body.26 

To be cost-effective, the maximum al- 
lowable bill for a 100-percent accurate 
interceptor would be about $175,000, 
assuming slower Soviet missiles, and 
only $40,000 assuming fast-burn boost- 
ers. But interceptors are not likely to 
cost less than $1.7 million each, even if 
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produced in large quantities. And this 
does not include the expense of placing 
interceptors in orbit or the costs as- 
sociated with the platform or the battle 
satellites. This scheme thus faces a hope- 


‘less cost-exchange. Even the Reagan ad- 


ministration’s unrealistic target for in- 
terceptor costs, $100,000 each, would 
not be sufficiently low. The total U.S. bill 
could run to over $600 billion, 10 times 
what it would cost the Soviets to neutral- 
ize it.?7 

The possibility that interceptor plat- 
forms could be mined greatly reduces 
confidence that the defensive weapons 
could even survive to begin their mis- 
sion. The Soviet Union—with existing 
technology—could launch into orbit de- 
vices that would explode on command 
or upon attack.?8 Thus, if a system were 
to meet all cost hurdles, a plausible 
method of self-defense would have to be 
devised. On the basis of cost or surviva- 
bility, it would seem that the space-based 
SDI command and control defense no- 
tion is unrealistic. 

There is the additional problem of the 
vulnerability of communications systems 
and air bases to cruise missile attack. 
Though cruise missiles can take hours 
longer to reach targets than ballistic mis- 
siles launched by submarine, an early, 
coordinated attack could be just as dis- 
abling. No SDI system is likely to be ca- 
pable of intercepting these low-flying 
weapons. 

A major problem with the space-based 
concept is that it could be construed by 
the Soviets as an attempt to achieve a 
U.S. first-strike capability. The systems 
would, in fact, provide at least the poten- 
tial for intercepting the “ragged So- 
viet retaliation that would follow a U.S: 
first strike. Though silo defense wit 
terminal-phase interceptors WOU 4 
give no such capability, a space bag” 
interceptor system capable of i 
stroying submarine-launched miss! e 
could destroy most of the Soviet mis 


Assessing SDI 


siles that would survive the U.S. strike. 
The sudden vulnerability this entails 
for two thirds of the Soviet nuclear triad 
would be destabilizing, especially be- 
cause the remaining leg—the strategic 
air force—is the weakest superpower nu- 
clear force. The result would likely be an 
increase in Soviet ballistic missile de- 
ployment, strategic defense, or air force, 
or in all three. Thus, after billions of dol- 
lars in investments in defense, the 
United States would find itself in the 
same relative strategic balance with the 
Soviet Union. But, as in the earlier sce- 
nario, thousands of additional warheads 
would now be aimed at U.S. territory. 


MILITARY VERSUS 
ECONOMIC SECURITY 


Although SDI will rise or fall primarily 
on how it affects nuclear security, its 
price tag ensures another kind of debate. 
Neither the United States nor the Soviet 
Union could even in the best of times 
spend hundreds of billions of dollars 
without sacrificing vital opportunities. 
But both superpowers are suffering rela- 
tive decline in their civilian economies. 
These problems, perhaps more than the 
nations’ military competition with each 
other, threaten their positions of leader- 
ship in the world. 

On its present course, the U.S. econo- 
my will in 10 years be as indebted to 
foreigners as Brazil is today. This sce- 
nario does not include the expense of an 
SDI deployment, which could add as 
much as $750 billion to U.S. government 
revenue requirements over the next de- 
cade. The global financial crisis that en- 
sued after Brazil, Mexico, and other de- 
veloping countries accumulated large 
debts should give pause to anyone who 
considers what might happen if the 
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world’s largest economy were so im- 
periled. Nations that cannot maintain 
balanced trade accounts (without trade 
barriers) will inevitably suffer declining 
living standards.?9 

Ability to compete in international 
markets depends directly on macroeco- 
nomic policy—living within one’s 
means. Competitiveness is strongly af- 
fected by the strength of the dollar, 
which increased by 50 percent from 
1979 to 1984. This factor alone probably 
caused three fifths of the prodigious U.S. 
trade deficit. When the dollar increased 
in strength, Japanese had to spend more 
yen to buy an American computer, but 
Americans could spend fewer dollars to 
buy a Japanese car. This meant fewer 
U.S. exports to Japan, and more Japa- 
nese exports to the United States. And 
even with the dollar's recent decline, 
several years will be required to correct 
the distortions of overvaluation.°° 

The major reason for the increase in 
the strength of the dollar was the grow- 
ing U.S. federal deficit. Since President 
Reagan took office, the annual federal 
deficit has increased from about $75 bil- 
lion to about $200 billion. At the same 
time, the U.S. trade deficit surged from 
$20 billion to $170 billion per year. The 
deficit naturally increased the demand 
for dollars, which in turn raised their 
value. This situation was self-reinforc- 
ing, since U.S. managers reduced invest- 
ment—in capital as well as R&D—be- 
cause the strength of the dollar 
handicapped them against the Japanese. 

The relevance for SDI policy has less 
to do with laboratory research than with 
the decision to deploy ballistic missile 
defenses. That is, the economic problem 
is the projected cost of an SDI system. 
Increases in military expenditures have 
already heavily burdened the U.S. econ- 
omy, driving the federal budget into 
deficit. The consumption stimulated by 
deficit spending also drove the trade ac- 
counts deeply into the red. (See Figure 
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8-2.) If a $750-billion ballistic missile 
defense is added to this burden, the 
United States could find itself in deep 
financial trouble. And testing outside the 
laboratory may be tantamount to a deci- 
sion to deploy. 

Japan already invests twice as much 
capital per worker as the United States 
does. As a result, Japanese labor produc- 
tivity in the critical automobile and elec- 
tronic industries exceeds that of the 
United States. The Japanese pay for high 
rates of investment—and the jobs that 
come with them—with lower living stan- 
dards in the short term. Japan does 
enjoy the luxury of the protection of 
the U.S. military. But this fact simply 
amplifies the more fundamental one 
that military expenditures are pure 
consumption, and they detract from 
sustainable development in the same 
way that eating seed corn reduces future 
harvests.3! 

The Soviet Union can also ill afford 
the diversion of resources from eco- 
nomic performance that a new arms 
race would cause. General Secretary 
Gorbachev has undertaken revolution- 
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ary economic reforms to get an ossified 
economy moving, and such reform is a 
delicate and ‘frustrating undertaking 
even in the best of circumstances. For a 
nation struggling with vast inefficiency, 
one with little excess surplus to commit 
to anything but the prodigious econom- 
ic task before it, ballistic missile defense 
would present an unfortunate diver- 
sion. 

Worse, it could squander the best op- 
portunity the United States has seen in 
decades for reducing superpower ten- 
sions: liberalization of the Soviet Union. 
This liberalization should lead to greater 
trade, exchanges, and tourism—things 
that break down suspicions and tension. 
After all, as Harvard professor Albert 
Carnesale points out, the United King- 
dom also has enough nuclear-armed 
missiles to destroy the United States, but 
no one feels a particular need to erect a 
defensive umbrella against that nation. 
Only by reducing the major differences 
between U.S. and Soviet societies can a 
basic transformation in superpower rela- 
tions be achieved.32 


SDI AND SCIENCE POLICY 


“SDI means jobs,” President Reagan 
told the American people in 1986. He 
was implying that research and develop- 
ment for SDI would provide spin-off 
technologies for competitiveness. The 
research might well yield new develop- 
ments in radar and sensing technology. 
But these will have limited application to 
international manufacturing markets, 
the key source of decline for the U.S. 
trade position. Military R&D is heavily 
weighted to development, meaning that 
most funds go into building prototypes 
and making demonstrations, not into 
basic science, which is far more likely to 
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lead to new inventions and commercial 
products. Recently, less than 3 percent 
of U.S. military research has gone for 
basic science.33 

Nevertheless, a dramatic shift to mili- 
tary matters in research priorities, 
pushed in part by SDI, has alarmed some 
observers. The military share of U.S. 
federal R&D funds increased from 
roughly 50 percent in 1978 to 68 percent 
in 1986.34 (See Figure 8-3.) Though the 
constant-dollar value of military re- 
search has just surpassed the commit- 
ment levels of the mid-sixties, this shift 
has occurred during a period of new 
challenges for the nation, not just in eco- 
nomic competitiveness, but in public 
health and the environment as well. It is 
logical to ask whether defense priorities 
are undercutting civilian priorities by de- 
vouring most scientific resources. 

Ability to compete does depend on 
technology, and consequently on re- 
search and development for productiy- 
ity. Economist John Kendrick has es- 
timated that about two thirds of labor 
productivity increases in the United 
States between 1960 and 1973 came 
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from. technological advances. The price 
and quality of an internationally traded 
good depends on the capital invested in 
it, the skills of the laborers who make it, 
and the cost of the natural resources that 
go into it.% 

Technology touches each of these fac- 
tors of production, for it is not just the 
efficiency of the machine tool that makes 
a product, but the training and motiva- 
tion of the worker and the efficiency of 
the use of energy and materials. Each 
factor affects cost and quality. And each 
can be made more efficient by invest- 
ment—in plant, the education of work- 
ers, the conservation of resources, and 
the science to improve the contribution 
of each factor. Research and develop- 
ment can thus also be considered an in- 
vestment and a factor of production it- 
self.3& 

These trends, coupled with the very 
high rate of growth in Japanese invest- 
ment in research and development, have 
spurred calls in Washington for re- 
sponses ranging from creation of a De- 
partment of Science to a halt to Japanese 
imports. The United States compares 
poorly with Japan in R&D committed to 
nonmilitary ends. (See Table 8-2.) 
Washington concentrates public re- 
search and development funds on high- 
technology military ends; Tokyo con- 
centrates public funds in neglected areas 


Table 8-2. Nonmilitary Research 
Expenditures, Selected Countries, 1983 


Share of GNP 


Country 

(percent) 
Japan 2.6 
West Germany 225 
United States ; 1.9 
France Eri 
United Kingdom 1.6 


source: National Science Foundation, Science In- 
dicators 1985 (Washington, D.C.: 1985). 
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of lower technology and social and or- 
ganizational sciences.57 

Interestingly, the United States ex- 
periences its highest trade deficit in low- 
technology areas, in textiles, for exam- 
ple. And it has lost markets most 
dramatically in technology requiring 
more modest amounts of research and 
development. These are the very areas 
where government subsidies for re- 
search are most justified, in fragmented 
industries where the motivation for and 
ability of a single company to conduct 
R&D is limited, though both the private 
and social returns could be high. But 
they are the most neglected in the 
United States.38 

Insofar as competitiveness is con- 
cerned, it is interesting also to note that 
almost all Japanese industrial research 
and development is sponsored by Japa- 
nese industry itself.39 This fact suggests 
that misplaced U.S: research priorities 
may not be at the bottom of the competi- 
liveness predicament. 

The problem is more deeply rooted in 
macroeconomic woes, as described ear- 
lier, and perhaps in industrial manage- 
ment. The Japanese automobile industry 
may be more competitive than its U.S. 
counterpart because it has more com- 
petition. That is, some nine automa- 
kers in Japan compete for markets 
while three essentially dominate the U.S. 
field. Similar observations can be made 
about the electronics and computer 
industries. 

A recent National Academy of 
Sciences study concludes that civilian 
employers have had no more difficulty 
recently hiring scientists and engineers 
than during the seventies. One reason 
for this is that the number of engineer- 
ing graduates in the United States has 
doubled over the last decade. Just over 
10 percent of engineers work on de- 
fense-related projects, while only about 
3 percent of scientists are so engaged.40 

Though the military budget is not nec- 
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essarily “stealing” engineers and scien- 
tists from other fields, a connection be- 
tween science and military priorities 
does exist. And that is simply one of pri- 
orities and the competition for the atten- 
tion of American leadership. A new set 
of problems—environmental in es- 
sence—now competes with strategic and 
economic problems for the attention of 
U.S. and Soviet leaders. 

These environment and development 
problems threaten economies on a glob- 
al scale. Climate change, energy-use 
inefficiency, unsanitary water supply, 
child mortality, population growth— 
each needs a major injection of scientific 
resources. The conjuncture of these 
problems, and the perception that sci- 
ence policy can help resolve them, calls 
for a fresh look at societies’ priorities for 
science and technology. 

But these problems are not accorded 
the urgency they deserve; leaders are too 
distracted by the pressing need to avoid 
nuclear war. The $3.2 billion allocated 
to the U.S. Strategic Defense Initiative in 
1987 was 20 times the federal energy 
conservation research budget, which de- 
clined by almost 7 percent. The Environ- 
mental Protection Agency, the Agency 
for International Development, and the 
Education Deparment have also ex- 
perienced declines in research fund- 
ing.*! 

None of this suggests that research on 
ballistic missile defense should be aban- 
doned by the superpowers. Indeed, be- 
cause a one-sided defensive deployment 
would cause the highest tensions, it is 
important that neither side place itself in 
the situation of being unable to match 
technically the sudden “breakout” or 
deployment of the other. That is, labora- 
tory research on ballistic missile de- 
fenses may be necessary for superpower 
stability. This goal can be accomplished, 
however, only as long as all sides keep 
research strictly limited to the labora- 
tory. Testing interceptors or directed- 
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energy devices pushes systems closer to 
deployment. 


Tue ReaL Wor LD oF SDI 


Nuclear weapons are so powerful and di- 
plomacy so weak that the United States 
and the Soviet Union stand ready to 
commit murder-suicide on a national— 
perhaps global—scale in order to avoid 
domination. Would that it were true that 


a strategic defense initiative could end’ 


for all time the terrible realities of the 
nuclear age. 

But the Reagan vision of perfect de- 
fense is an illusion. The technology is 
too remote, the mission too complex, 
the possibilities for defeating or circum- 
venting ballistic missile defenses too nu- 
merous. The original mission for SDI is 
no longer taken seriously by mainstream 
analysts. 

The new missions that SDI has taken 
on are more troubling, however. They 
raise the spectre of new arms races and 
imbalances that could make crises much 
more dangerous. Early U.S. deployment 
of SDI to defend nuclear weapons would 
void the Anti-Ballistic Missile Treaty and 
push the Soviets to add their own de- 
fense, many new offensive warheads, or 
both. The United States and the Soviet 
Union would be obligated to spend hun- 
dreds of billions of dollars each. The re- 
sult would, at best, make Americans and 
Soviets poorer. 

At worst, an early deployment of SDI 
would create a far more dangerous 
world. It could make Soviet submarines 
vulnerable for the first time. The United 
States could even achieve the ability to 
intercept Soviet land-based missiles sur- 
viving a U.S. first strike. The possibility 
that the Soviet Union would be unable to 
retaliate after a U.S. attack would make 
the Soviets more trigger-happy, MOTE 
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likely to find advantage in a nuclear first 
strike. Now that the superpower rela- 
tionship has thawed a bit, the negotia- 
tion of nuclear arsenals may be both use- 
ful and possible. The removal of 
medium-range missiles from Europe 
and Asia is a modest step forward. The 
50-percent reduction in strategic weap- 
ons discussed at the Reykjavik summit 
could also improve superpower rela- 
tions, ease tensions, and reduce risks of 
war somewhat, though no one should 
imagine that such a reduction would 
make Mutual Assured Destruction obso- 
lete. Until wiser heads can find a way to 
circumvent the need for nuclear weap- 
ons altogether, balance and accommo- 
dation between the nuclear powers is es- 
sential. As Princeton foreign policy 
analyst Daniel Deudney has recently 
pointed out, too little attention is being 
given to such options.*? 


La ioe: ainiti sa 
The Reagan vision of a perfect de- 
fense is an illusion. 
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The singular act of reaffirming the 
Anti-Ballistic Missile Treaty of 1972 
would avoid the arms race that an SDI 
deployment would cause. The treaty was 
drafted and signed to avoid exactly these 
kinds of instabilities and risks. It states in 
plain English that testing of new devices 
outside the laboratory is prohibited.** 
This constraint was the goal—indeed the 
language—of the U.S. negotiators. The 
Soviets did object to the restriction, but, 
more important, they signed the treaty 
and have obeyed it in that regard. 

The Soviets have indeed violated the 
treaty by building a phased-array radar 
at Krasnoyarsk, well within their territo- 
rial boundary. The treaty prohibited 
such radars, which could be used to di- 
rect an SDI-like system, except on the 
borders where they would be less effec- 
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tive for use in ballistic missile defenses. 
Still, in an exchange of thousands of war- 
heads when perhaps only one would de- 
stroy the radar (and therefore a ballistic 
missile defense system dependent on it), 
the radar poses little threat to U.S. secu- 
rity. 

The deployment of SDI technologies 
would affect the other nuclear powers, 
but how is not clear. If a defense worked 
well enough that one superpower could 
not destroy the arsenals of the other, but 
imperfectly enough that cities could be 
attacked, then France, India, Israel, Pa- 
kistan, and the United Kingdom would 
be more equal with the United States 
and the Soviet Union in nuclear might. 
That is, their nuclear threats would be 
more on a Strategic par with those of the 
superpowers. 

More important, perhaps, a new arms 
race caused by SDI-like deployments 
could threaten the renewal of the Nu- 
clear Non-Proliferation Treaty, signed 
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in 1968 to restrict the spread of nuclear 
weapons. Many nations were persuaded 
to forgo arms development in part in re- 
turn for a commitment by the superpow- 
ers to reduce their own arsenals. The 
treaty expires in 1992; renewal will be 
difficult enough because the United 
States and the Soviet Union have vastly 
expanded their arsenals. If arms expan- 
sion were to accelerate, renegotiation of 
this important treaty could be prob- 
lematic. 

At bottom, the best hope for avoiding 
nuclear war lies in changing fundamen- 
tally the connection between the United 
States and the Soviet Union. The rela- 
tionship might actually mature if Gen- 
eral Secretary Gorbachev succeeds in 
liberalizing the Soviet Union, and if 
American leaders become astute enough 
to recognize and capitalize on the op- 
portunity. Deploying an SDI system 
could extinguish this hope. 
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Planning the 
Global Family 


Jodi Jacobson 


Thirty-three-year-old Socorro Cisneros 
de Rosales, a Central American mother 
of 13, is neither a demographer nor an 
economist. But in describing her own 
plight and that of her country as “an 
overproduction of children and a lack of 
food and work,” Mrs. Cisneros speaks 
authoritatively on the conflict between 
high birth rates and declining economies 
that faces many in the Third World.: 

Over the past two decades, steadily 
declining birth rates have contributed to 
significant improvements in the health 
and well-being of millions of people and 
to the growth of national economies. To 
date, however, only a handful of coun- 
tries have reduced fertility rates enough 
to make these gains universal or to en- 
sure that their populations will stabilize 
in the foreseeable future. Countries that 
remain on a high fertility path will find 
that meeting basic subsistence needs will 
be increasingly difficult in the years to 
come. 


UE Ue EI Sa 
An expanded version of this chapter appeared as 
Worldwatch Paper 80, Planning the Global Family. 


Despite lower fertility levels for the 
world as a whole, population increased 
by 83 million people in 1987, surpassing 
a total of 5 billion. Although birth rates 
continue to fall in many developing 
countries, the pace has slowed markedly. 
And declining death rates have balanced 
out the modest reductions in fertility of 
the past few years. Furthermore, slower 
economic growth in developing coun- 
tries plagued by debt, dwindling ex- 
ports, and environmental degradation 
means that governments can no longer 
rely on socioeconomic gains to help re- 
duce births. This uncertain economic 
outlook raises important questions. Can 
governments successfully encourage fer- 
tility reductions in the face of extensive 
poverty? What mix of policies is likely to 

romote smaller families, thereby reduc- 
ing fertility and raising living standards? 

Encouraging small families requires a 
two-pronged strategy of family planning 
and social change. Few countries, how- 
ever, have put family planning and re- 
productive health care at the top of their 
agendas. In most industrial nations, 
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widely available contraceptive technolo- 
gies enable couples to choose the num- 
ber and spacing of their children. But for 
the majority of women in many develop- 
ing countries, contraceptive methods re- 
main unavailable, inaccessible, or inap- 
propriate. Surveys confirm that half the 
463 million married women in develop- 
ing countries outside of China want no 
more children. Millions more would like 
to delay their next pregnancy. Mean- 
while, the number of women in their 
childbearing years is increasing rapidly.2 

With few exceptions, governments 
have not changed policies or invested in 
programs sufficiently to weaken the so- 
cial conditions underlying high fertility. 
These conditions include, most signifi- 
cantly, the low status of women and the 
high illiteracy, low wages, and ill health 
that customarily accompany it. Until 
societal attitudes change, national fertil- 
ity rates are unlikely to decline signifi- 
cantly, 
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For the majority of women in many 
developing countries, contracep- 
tive methods remain unavailable, 
inaccessible, or inappropriate. 
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International support for family plan- 
ning has been considerably weakened in 
recent years by changes in U.S, policy. 
By the time the world’s population sur- 
passed 5 billion in 1987, the United 
States had abdicated its role as a leading 
supporter of reproductive rights world- 
wide. Political and societal disputes have 
converged with fiscal constraints to cut 
funding for contraceptive research and 
for both domestic and international fam- 
ily planning. This policy change has set 
worldwide efforts to reduce fertility back 
by several years, dimming hopes of 
achieving population stabilization by the 
end of the next century, 


Reducing birth rates to speed the de- 
velopment process is a goal that de- 
serves the immediate attention of the 
world community—one that will benefit 
every segment of society. For women, 
bearing fewer children means better 
health for themselves and their off. 
spring. For countries, reducing average 
family size increases per capita invest- 
ments and alleviates pressures on the 
natural resources that underpin national 
economies. For the world, slower popu- 
lation growth enhances the prospects for 
widespread security and prosperity. 


FERTILITY TRENDS 
WORLDWIDE 


Childbearing trends are most clearly 
represented by total fertility rates, de- 
fined as the average number of children 
a woman will bear at prevailing levels of 
fertility. A country that has achieved re- 
placement-level fertility of about 2.1 
births per woman is well on the road to 
a stable population size. Once this level 
has been reached, births and deaths 
eventually balance out. A population at 
or below replacement level may con- 
tinue to grow for two or three genera- 
tions, however, if the group reaching 
childbearing age is larger than that 
reaching old age and dying. ' 
With few exceptions, total fertility 
rates in the industrial world are at or 
below replacement level. In France, the 
United Kingdom, and the United States, 
for example, the rate is 1.8 births per 
woman; in Denmark, Italy, and West 
Germany, it is below 1.5. As a result of 
low birth rates and populations dis- 
tributed about evenly among age- 
groups, these countries will stop grow- 
ing in the near future. The United 
Kingdom, for example, is projected to 
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stabilize at 59 million people, about 5 
percent above its current population.? 

Developing countries can be divided 
into two groups. In the first, fertility 
rates declined significantly over the past 
two decades, although few have reached 
replacement level. In the second group, 
mostly countries in sub-Saharan Africa, 
fertility rates have not declined at all. 

Twenty countries for which there are 
reliable data show fertility declines of 
more than 20 percent since 1960. (See 
Table 9-1.) The most dramatic change 
took place in several East Asian nations 
and in Cuba, where fertility levels 
dropped by as much as 75 percent. Only 
one Middle Eastern country (Turkey) 
and two African ones (Egypt and Tu- 
nisia) have experienced fertility declines 
of more than a fifth since 1960. China 
reduced fertility rates by 56 percent 
since the sixties; Chile, Colombia, and 
Costa Rica, by more than 50 percent 
each. Significant reductions were also 
achieved in Brazil, Indonesia, Mexico, 
and Thailand. Nevertheless, fertility 
rates remain moderately high, above 3.5 
children per woman, in several of these 
countries. 

Despite some impressive gains, only 4 
of the 20 countries listed in Table 9-1 
achieved replacement-level fertility: 
Cuba, Singapore, South Korea, and Tai- 
wan. These four have also made tremen- 
dous economic strides. In demographic 
terms, however, they are responsible for 
only a minuscule fraction of annual in- 
creases to the global population. 

Trends in the more populous coun- 
tries are much more important to global 
population growth. Between 1987 and 
2007, five countries in Table 9-1—Bra- 
zil, China, India, Indonesia, and Mex- 
ico—will account for 37 percent of total 
world population growth. Cumulatively, 
these five will add nearly 700, million 
people, slightly fewer than India’s cur- 
rent population. By 2020, India will rival 
China as the world’s largest nation, with 
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Table 9-1. Fertility Declines in Selected 
Countries, 1960-87 


Total Fertility 


Rate 
Country 1960 1987 Change 
(average 
number of 
children per 
woman) (percent) 
Singapore 6.3 1.6 —75 
Taiwan 6.5 1.8 —72 
South Korea 6.0 2.1 —65 
Cuba 4.7 1.8 —62 
China 5.5 2.4 —56 
Chile 5.3 2.4 —55 
Colombia 6.8 3.1 —54 
Costa Rica 7.4 3.5 —53 
Thailand 6.6 3.5 —=47 
Mexico 7.2 4.0 —44 
Brazil 6.2 3.5 —44 
Malaysia 6.9 5.9 —43 
Indonesia 5.6 3.3 —4l 
Turkey 6.8 4.0 —4l 
Tunisia 7.3 4.5 —38 
Sri Lanka 5.9 3.7 —37 
India 6.2 4.3 —31 
Philippines 6.6 4.7 —29 
Peru 6.6 4.8 —27 
Egypt 6.7 5.3 —21 


SEEM Oh L a 
source: 1960 data from Ansley Coale, “Recent 
Trends in Fertility in Less Developed Countries,” 
Science, August 26, 1983; 1987 data from Popula- 
tion Reference Bureau, 1987 World Population Data 
Sheet (Washington, D.C.: 1987). 


about 1.3 billion people. And Mexicans 
will then number 138 million, more peo- 
ple than are in all of Central America 
and the Caribbean today. China, with a 
current fertility rate of 2.4 births per 
woman, is the only one of these demo- 
graphic giants likely to achieve replace- 
ment-level fertility in the near future.* 
Fertility is declining much more slowly 
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now, and in some countries appears to 
have reached a standstill: A recent re- 
port from the Indian National Academy 
of Science shows that the total fertility 
rate there declined by about 16 percent 
between 1972 and 1978, from 5.6 births 
per woman of reproductive age to 4.7. 
But the pace has slowed markedly since 
then. In 1987, Indian women bore on 
average 4.3 children, only 8 percent 
below the figure in 1978. Egypt, the 
Philippines, and Tunisia show similar 
trends.5 

Pockets of extremely high fertility— 
above six children per woman—still 
exist throughout Africa and the Middle 
East. (See Table 9-2.) Sub-Saharan 
Africa faces the highest fertility rates and 
population growth rates in the world. 
Nigerian women, for instance, bear 
nearly seven children on average. Most 
Middle Eastern countries also maintain 
high fertility levels, as do Bangladesh 
and Pakistan. 

A tradition of large families in coun- 
tries where young people are predomi- 
nant means these nations will experience 
massive population increases over the 
generation ahead. Pakistan’s population 
will more than double over the next 30 
years, from 105 million to well over 240 
million; Nigeria’s will reach 274 million, 
up from its current population of 109 
million; and Bangladesh’s 104 million 
will grow to 200 million.6 

Lowering birth rates will help ease the 
transition from persistent poverty to sus- 
tainable development by reducing pres- 
sure on national resources, For example, 
a 1985 analysis by Kenya’s National 
Council for Population and Develop- 
ment projected the country’s future pop- 
ulation size under two scenarios. It 
showed that at current fertility rates, 
Kenyans—now 22 million—would num. 
ber 57 million in 2010, as Opposed to 38 
million if total fertility dropped by half, 


to four children per woman. With the | 


smaller population size, corn require- 
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Table 9-2. Countries With High Fertility, 


1987 
Total Population 
Country Fertility Rate Growth Rate 
(average 
number of 
children per 
woman) (percent) 
Kenya 8.0 3.9 
Afghanistan 7.6 2.6 
Jordan 7.4 b I7 
Tanzania Vol 3.5 
Zambia 7.0 3:5; 
Saudi Arabia 6.9 3.1 
Ethiopia 6.7 2.3 
Senegal 6.7 2.8 
Nigeria 6.6 2.8 
Pakistan 6.6 2.9 
Sudan 6.5 2.8 
Zimbabwe 6.5 3.5 
Iran 6.3 3.2 
Bangladesh 6.2 Qal 
Zaire 6.1 Sul 


a a E AA RNA 
SOURCE: Population Reference Bureau, 1987 World 
Population Data Sheet (Washington, D.C.: 1987). 


ments would be eased by 3.2 million 
tons, twice the amount that Kenyan 
farmers produced in 1980.7 


THE ROLE oF FAMILY 
PLANNING 


Family planning has played an important 
role in reducing fertility throughout the 
world. Countries such as China, Mexico, 
and Thailand’ have devoted extensive 
government resources to expanding ser- 
vices and supplying contraceptives. In 
Brazil, the efforts of private voluntary Of: 
ganizations have been key to declining 
birth rates. Nevertheless, in a substantial 
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number of high fertility countries, family 
planning programs are weak or nonex- 
istent, in part because governments have 
been slow to allocate the necessary re- 
sources. But the recent experiences of 
several nations suggest a close relation- 
ship between effective voluntary family 
planning programs, rising levels of con- 
traceptive use, and declining fertility, 
even in the absence of broad-based eco- 
nomic gains. 

Programs on family planning primar- 
ily affect fertility by raising contraceptive 
prevalence—the share of married 
women of reproductive age who use 
modern contraception to prevent preg- 
nancy. Modern birth control methods 
like the pill and intrauterine device 
(IUD) are far more effective at prevent- 
ing pregnancy than their traditional 
counterparts, such as withdrawal. The 
cost, availability, and effectiveness of 
birth control dictate the difference 
between the number of children a 
couple wants and the number they 
actually have. Significantly, the demand 
for contraceptive information and 
supplies is rising among groups tradi- 
tionally resistant to family planning, 


(155) 


namely the urban and rural poor. 

Unmet need, defined as the gap be- 
tween the number of women who ex- 
press a desire to limit fertility and the 
number who actually are able to do so, 
exists to varying degrees in virtually 
every developing country. This gap re- 
sults from inadequate access to or 
knowledge of family planning methods, 
even where programs already exist. Ac- 
cording to data from the World Fertility 
Survey (an international reproductive 
trends survey sponsored by the United 
Nations between 1974 and 1984), 40-50 
percent of women of reproductive age in 
18 developing countries desire no more 
children but have no access to family 
planning. Fertility rates could be re- 
duced by 30 percent in these countries if 
unwanted births were prevented.’ 

In India, half the couples contacted in 
the 1980 All-India Family Planning Sur- 
vey wished to limit family size, but only 
28 percent were using a modern method 
of birth control. (See Table 9-3.) The 
gap between desired and actual family 
size spotlights the inadequacy of family 
planning programs. 

Two thirds of the couples surveyed 


Table 9-3. Unmet Need for Family Planning in Egypt, India, Peru, and Rural Ghana 


Share of Women of Reproductive 


Age 
Wanting No Using i Unmet 
Country More Children Contraception Need 
(percent) 
India 50 28 22 
26 
Egypt 56 30 
Peru 70 25 45 
90 10 80 


Ghana, Rural Areas near Accra k 
source: Peruvian and Indian data from International Family Pl lanning TR ee rena Ma ni ra 
1986; Hussein A.A.H. Sayed et al., Fertility and Family Planning in Egypt eg IA PE “Family Planning 
Population Council/Westinghouse Public Applied Systems, eel STES ; 

Gains Some Favor in Africa,” Christian Science Monitor, January 7, 1987. 
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felt three children was ideal, although 
most couples in India have four or more. 
Similarly, a 1985 survey showed that 
while 56 percent of Egyptian women 
wanted no more children, only 30 per- 
cent were using contraceptives. These 
surveys actually define a minimum level 
of unmet need: Because a significant 
share of respondents have never even 
heard of a family planning method, 
they are unlikely to identify a need 
for one even if they desire smaller fam- 
ilies. 

Not surprisingly, the countries with 
the strongest commitment to family 
planning are making the greatest strides 
in reducing fertility, regardless of their 
level of development. In Indonesia, a 
predominantly rural country with a per 
capita income of $530, a well-organized 
national family planning program has 
been in operation since 1969. A 1987 
government survey indicates that be- 
tween 1980 and 1985 contraceptive 
prevalence increased from 27 to nearly 
41 percent of married women of repro- 
ductive age. A striking 42-percent de- 
cline in the number of births per woman 
of reproductive age occurred between 
1970 and 1985, with the most significant 
drop after 1980. Due to the govern- 
ment’s efforts to make family planning 
universally available, over 80 percent of 
Indonesian contraceptive users rely on 
modern methods.’ 

Examining data from the World Fertil- 
ity Survey, University of Michigan soci- 
ologist Ronald Freedman showed that 
contraceptive use varies little among In- 
donesians in different social and eco- 
nomic groups. Couples with low living 
standards are almost as likely to use.con- 
traception as those with the highest stan- 
dards. Professional and clerical work- 
ers are only slightly ahead of farmers 
with small landholdings. And villages 
without modern amenities like electri- 
city have contraceptive prevalence le- 
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vels about as high as those with such 
facilities.19 

In Bangladesh, a deteriorating agrar- 
ian economy has raised the ante on large 
families just when a growing family plan- 
ning program is making birth control 
cheaper. Agricultural wages today are 
below those of 150 years ago in constant 
dollars. Demographer Samuel Preston 
notes that much of the decline in real 
wages occurred since the fifties, a period 
of rapid population growth. The num- 
ber of landless families has mush- 
roomed. Parents do not see a very bright 
future for their children: Land scarcity 
has undermined traditional inheritance 
practices, while rising educational costs 
have foreclosed employment options 
outside the agricultural sector.!! 

One study based on data from three 
government surveys found that the 
adoption of family planning methods in 
Bangladesh has accelerated gradually in 
recent years in response to greatly im- 
proved services. Between 1969 and 
1983, the share of married women who 
said they did not want additional chil- 
dren increased slightly, from 52 to 57 
percent. Over the same period, contra- 
ceptive use increased steadily among 
both rural and urban women of all edu- 
cational levels and all family sizes. In 
1969, fully 93 percent of Bangladeshi 
women who wished to end childbearing 
were not using contraceptives; by 1983, 
this unmet need had declined to 71 
percent, albeit still a high level. The 
study concludes that deteriorating eco- 
nomic and environmental conditions 
“may have influenced couples . . . to 
believe that large families are burden- 
some,”’!2 

The lowest contraceptive prevalence 
rates (and the highest fertility rates) are 
found in sub-Saharan Africa, where the 
use of modern methods of birth control 
is rising quite slowly. Until recently, 
most African governments firmly Op- 
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posed family planning programs on the 
grounds that curtailing population 
growth would limit the region’s ability to 
recognize its economic potential. The 
low status of women has made childbear- 
ing the only rite of passage for girls. And 
lack of funds and poor service delivery 
systems hinder the dissemination of in- 
formation and methods outside major 
urban areas. Surveys show that fewer 
than a fifth of Nigerian women have ever 
heard of a modern method of birth con- 
trol. In Kenya, less than 40 percent of 
women familiar with at least one modern 
contraceptive method knew of a supply 
source; fewer than half of these women 
could reach the source on a 30-minute 
walk.}5 

Despite these constraints, the desire 
both to space and limit births is increas- 
ingly evident in some African countries, 
particularly among educated women and 
those living in urban areas. Evidence of 
fertility decline due to strong family 
planning programs exists in sub-Saha- 
ran Africa. In 1982, a government survey 
showed that contraceptive prevalence in 
Zimbabwe stood at 14 percent for both 
modern and traditional methods. That 
year, Prime Minister Robert Mugabe 
committed his government to a strong 
family planning effort to slow population 
growth and promote economic develop- 
ment. The program was immediately in- 
corporated into the Ministry of Health, 
linking it with training and outreach for 
maternal and child health care. Zim- 
babwe made a financial commitment un- 
paralleled among sub-Saharan nations, 
allocating $24 million to the program. 
By 1984, total contraceptive prevalence 
reached 38 percent (27 percent for mod- 
ern methods), a remarkable increase for 
any country.!4 

By reducing fertility levels, and hence 
the total amount of per capita social ex- 
penditures necessary just to maintain 
the economic status quo, family plan- 
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ning programs can help raise living stan- 
dards. Between 1972 and 1984, for ex- 
ample, every peso spent on family 
planning by Mexico’s urban social secu- 
rity system (IMSS) saved nine pesos that 
would otherwise have been spent on ma- 
ternal and infant health care. During this 
time, IMSS spent 38 billion pesos ($165 
million) to provide nearly 800,000 
women with contraceptive supplies, thus 
averting 3.6 million births and 363,000 
abortions. Net savings for IMSS equaled 
318 billion pesos ($1.4 billion), which 
was rechanneled into pension payments 
and expansion of general health care 
services.!5 

Programs to increase the use of birth 
control are not a substitute for invest- 
ments in education or efforts to raise per 
capita incomes. But reducing fertility is 
integral to any economic development 
strategy, allowing governments to raise 
per capita investments in health, educa- 
tion, and other social services. The 
growing desire for smaller families 
shows that family planning has a major 
role to play in virtually every nation. De- 
veloping countries that encourage fam- 
ily planning may be the first to experi- 
ence rapid and widespread social and 
economic advances. 


FAMILY PLANNING AND 
HEALTH 


Family planning is among the most basic 
of preventive health care strategies, 
though it is rarely recognized as such. 
Encouraging fewer and safer births 
among women in developing countries 
will reduce unacceptably high rates of 
maternal mortality from complications 
of childbirth and abortion. Moreover, by 
distributing condoms and increasing the 
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public’s understanding of reproductive 
health issues, family planning programs 
can help control the spread of acquired 
immunodeficiency syndrome (AIDS), a 
major threat to Third World health and 
economic survival. 

Each year, at least a_ half-million 
women worldwide die from pregnancy- 
related causes. Fully 99 percent of these 
deaths occur in the Third World, where 
complications arising from pregnancy 
and illegal abortions are the leading kill- 
ers of women in their twenties and thir- 
ties. World Health Organization (WHO) 
officials caution that maternal deaths— 
those resulting directly or indirectly 
from pregnancy within 42 days of child- 
birth, induced abortion, or miscar- 
riage—may actually be twice the es- 
timated figures. What is more, for every 
woman who dies, many more suffer ser- 
ious, often long-term, health prob- 
lems. That bearing life brings death 
to so many women is a distressing 
irony. It is even more distressing given 
that family planning and preventive 
medicine could substantially reduce 
these losses.!6 
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Family planning programs can 
help control the spread of AIDS, a 
major threat to Third World health 
and economic survival. 
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In the Third World, maternal mortal- 
ity accounts for some 25 percent of 
deaths of women aged 15 to 49. More 
than 3,000 maternal deaths occur per 
100,000 live births annually in parts of 
Ethiopia and Bangladesh. (See Table 
9-4.) By contrast, the figures in the 
United States and Norway are only 10 
and 2, respectively. Each year, over 20,- 
000 women die from pregnancy or 
related complications in Bangladesh, 
compared with about 500 women in the 
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United States, a country with more than 
twice as many people.!7 

Illega! abortion is one of the major 
direct causes of maternal death. Rough 
estimates indicate that only half the es- 
timated 54 million abortions performed 
annually around the world are legal, 
Most illegal abortions are carried out 
under unsanitary conditions by unskilled 
attendants, leaving women vulnerable to 
serious complications and infection. 
By contrast, modern abortion proce- 
dures, carried out under proper medical 
supervision in countries where they 
are legal, cause fewer maternal deaths 
than pregnancy or oral contraceptives 
do. 18 

Forty-four percent of women in the 
developing world (outside of China) live 
in countries where abortion is allowed 
only to save the mother’s life. Another 
10 percent live in countries where abor- 
tion is totally prohibited. Sadly, millions 
of women unable to obtain a legal abor- 
tion on the basis of life-threatening cir- 
cumstances have subsequently died 
from the complications of an illegal 
abortion. Those who advocate restric- 
tive abortion policies rarely acknowl- 
edge this toll on women’s lives.!9 

Estimates of the annual number of 
deaths due to abortion complications 
range from 155,000 to 204,000 women 
worldwide. Abortion-related deaths are 
especially common among poor and illit- 
erate women living in countries with 
strict abortion laws. In Latin America, 
where legal abortion is generally re- 
stricted to cases of rape or endanger- 
ment of the woman’s life, up to half of 
maternal deaths appear to be due to il- 
legal abortions.20 

Pregnancy itself takes a greater toll on 
a woman’s body in regions where malnu- 
trition and poor health are the norm. In 
the Third World, pregnancy is as- 
sociated with a higher incidence of 
health-threatening infection, vitamin 
and mineral ‘deficiencies, and anemia. 
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Table 9-4. Maternal Mortality Ratios, Selected Countries 
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Country Maternal Mortality Ratios Study Region and Year 
(deaths per 
100,000 live births) 

Ethiopia 3,500 Urban, 1984 
Bangladesh 3,0002 National, 1983 
Senegal 700! Rural, 1983 
India 400-500? National, 1984 
Egypt 190 Rural, 1981-83 
Romania 175 National, 1982 
Mexico 103 National, 1978 
Thailand 81 National, 1981 
Chile 73 National, 1980 
United States 10! National, 1979 
Norway 2 National, 1981 


1Unknown whether deaths from abortions included. 
source: World Health Organization, Maternal Mortality 
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Due to reduced immunity, common dis- 
eases such as pneumonia and influenza 
cause 50-100 percent more deaths in 
pregnant than in nonpregnant women.*! 

Three groups of women face the high- 
est risk of pregnancy-related deaths— 
those at either end of their reproductive 
cycle, those who bear children in rapid 
succession, and those who have more 
than four children. Due to biological fac- 
tors, women under 19 or over 35 are 
more susceptible to complications of 
pregnancy. Women giving birth to chil- 
dren spaced less than a year apart are 
twice as likely to die from pregnancy- 
related causes than those who have chil- 
dren two or more years apart. In Matlab 
Thana, Bangladesh, health workers re- 
corded three times as many deaths 
among women giving birth to their 
eighth child as among those giving birth 
to their third.22 

At least half of all maternal deaths can 
be averted through a combined strategy 
of family planning, legal abortion, and 
primary health care. According to re- 
searchers Beverly Winikoff and Maureen 


2Deaths from abortions not included. 
Rates: A Tabulation of Available Information (Geneva: 


Sullivan of The Population Council, a 
fertility rate reduction of 25-35 percent 
resulting from more widely available 
family planning would also lower mater- 
nal mortality by one fourth. Making 
abortions legal and safe could reduce 
the toll an additional 20-25 percent. 
Making all pregnancies safer through in- 
creased investments in prenatal health 
care and reducing the number of high- 
risk pregnancies would prevent another 
20-25 percent of deaths. Winikoff and 
Suilivan point out that while, theoreti- 
cally, this three-pronged strategy could 
reduce maternal mortality by three 
fourths, a 50-percent decrease is a more 
realistic expectation, given prevailing 
social and political conditions, such as 
large desired family size and the opposi- 
tion to legalizing abortion.** 
Establishing integrated family plan- 
ning and health strategies will be well 
worth the investment. Village-based 
paramedics and midwives can teach 
women the benefits of birth spacing, 
breast-feeding, prenatal care, and con- 
traceptive use. Small-scale maternity 
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centers—on the order of one for every 
4,000 people—could promote simple 
solutions to some of the most pervasive 
maternal health problems, by providing, 
for instance, iron supplements to treat 
anemia. Linked with regional facilities 
run by doctors, such clinics would con- 
stitute a pivotal link between rural popu- 
lations and the often urban-based medi- 
cal community, Assuming that maternal 
deaths run as high as 1 million per year, 
family planning and health care would 
save at least 500,000 women’s lives an- 
nually, and improve the health of mil- 
lions more.24 


Family planning and health care 
would save at least 500,000 
women’s lives annually, and im- 
prove the health of millions more. 


Ironically, new health threats may 
push family planning services to the to 
of national agendas. By October 1987, 
the total number of reported AIDS cases 
worldwide (of persons who have tested 
positive for the virus) had exceeded 68, - 
000, more than one sixth of whom were 
in developing countries. Although the 
United States leads the world, with 
nearly 45,500 documented cases as of 
November 1987, the potential devasta- 
tion from AIDS appears to be a far 
greater threat in developing countries. 
WHO estimates that between 5 million 
and 10 million people around the world 
may now be infected with the virus that 
can lead to AIDS, and that at least 2 mil- 
lion of them are in Africa, Approxi- 
mately 6,000 cases have been found in 
Latin America and the Caribbean thus 
far. Current health care problems may 
only foreshadow far more serious public 
health burdens.25 

As transmission of this new virus 
through sexual contact is the single 
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greatest route of infection, AIDS pre- 
vention and education can effectively be 
carried out by family planning and 
related health programs. Next to total 
abstinence, condoms offer the best pro- 
tection against the spread of sexually 
transmitted diseases. Yet, primarily for 
cultural reasons, condoms are rarely 
used in most of the Third World. Ex- 
cluding China, fewer than one third of 
the world’s 45 million condom users live 
in developing countries.?6 

Increasing the availability of condoms 
and linking their use with better health 
may slow the spread of AIDS. Instruct- 
ing health care workers on the dangers 
of reusing needles and of performing 
routine procedures with unsanitary im- 
plements, and securing adequate sup- 
plies of medical equipment, will ensure 
that the health care community itself is 
not responsible for spreading the virus. 

Scientists currently believe that be- 
tween 25 and 50 percent of those in- 
fected with the virus that can lead to 
AIDS will die in the next 10 years. In 
developing countries, this disease will 
primarily afflict individuals aged 20 to 
49. Both pregnancy- and AIDS-related 
deaths thus strike at people in their 
prime, taking a tremendous toll in 
human life and productive capacity. The 
need for public education about repro- 
ductive health is stronger than ever.?” 


CHANGING CONTRACEPTIVE 
‘TECHNOLOGIES 


Nearly 30 years after the introduction of 
oral contraceptives, millions of couples 
in the developing world remain without 
the means to plan their families. Poor 
supply and distribution networks are 
part of the problem. But contraceptive 
prevalence in the Third World remains 
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low, in part, because few of the methods 
currently available fit the life-styles or 
the pocketbooks of potential users. 
Today’s menu of technologies is not ver- 
satile enough, nor is it changing quickly 
enough, to meet the needs of a highly 
diverse and growing world population. 

About 372 million of the 860 million 
married couples of reproductive age 
worldwide use modern contraceptives, a 
prevalence rate of 43 percent. (See 
Table 9-5.) Among couples in develop- 
ing countries outside of China, use of 
modern methods is much lower than the 
world average. Although more than half 
indicate a desire to practice family plan- 
ning, only 27 percent actually do. 

At least nine reversible contraceptives 
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are on the market, including hormonal 
methods and less effective barrier de- 
vices. Their distribution is highly skewed 
to particular regions or countries. 
Eighty-three million women have IUDs, 
the most prevalent reversible method; 
nearly three fourths of them are in 
China. By contrast, the 64 million users 
of oral contraceptives are more evenly 
divided between the Third World and 
industrialized countries. Nearly 60 mil- 
lion people, about two thirds of whom 
live in the industrial world, rely primarily 
on condoms, diaphragms, and sponges. 

Contraceptives vary significantly in 
their effectiveness, depending on the 
skill and consistency with which a given 
method is used. As a group, hormonal 


Table 9-5. Estimated Use of Effective Birth Control Methods, 1986 


Birth Control Method! 


Female Sterilization 
Intrauterine Devices 
Oral Contraceptives 
Condoms 

Male Sterilization 

Other Effective Methods? 


Total Users 


Total Couples at Risk® 


Contraceptive 


Prevalence (users as share of those at risk) 


Abortions 


1Effective or modern methods excludes natura 


breast-feeding. 2Includes diaphragms, sponges, inject 
of reproductive age at risk of pregnancy; does not inc 


o Birth Control: A World Assessment,” Briefing Paper No. 


than contraceptive reasons. ’ 
source: Population Crisis Committee, “Access t 
19, Washington, D.C., October 1987. 


Other 
Developing Industrial 
China Countries Countries World 
(million) 
53 45 15 118 
59 13 11 83 
9 28 27 64 
5 12 28 45 
17 18 8 43 
$ 8 13 24 
146 124 102 372 
200 463 197 860 
(percent) 
73 27 52 43 
(million) 
12 16 26 54 


1 family planning (rhythm), withdrawal, abstinence, and 


ables, and implants. 1 
Jude those currently pregnant or sterile for other 


3Number of married couples 
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methods, including implants and inject- 
ables, have the lowest failure rates. Birth 
control pills—the most established hor- 
monal method—have the widest failure 
range in that group. The effectiveness of 
these oral contraceptives, which must be 
taken every day, depends on a high level 
of individual motivation and an under- 
standing of self-administered drugs. 

Injectable contraceptives have been 
on the market for about a decade and are 
among the most effective hormonal 
methods. Approximately 6.5 million 
women around the world use inject- 
ables, one sixth of whom are Chinese. 
The injectable Depo-Provera, approved 
in 90 countries, prevents conception for 
three months. Injectables effective for 
one month are used primarily in China 
and Latin America.28 

At the other end of the scale of effec- 
tiveness, natural family planning—also 
known as the rhythm method or periodic 
abstinence—has consistently high fail- 
ure rates. Worldwide, between 10 mil- 
lion and 15 million people use rhythm, 
most of whom live in industrial coun- 
tries. This technique requires a woman 
to time her ovulatory cycle by charting 
bodily functions, such as basal tempera- 
ture, on a daily basis. Because a signifi- 
cant proportion of women everywhere 
experience highly variable menstrual cy- 
cles, fertile periods may be hard to calcu- 
late, and reliance on this method can 
often lead to unwanted pregnancy. 
Apart from other drawbacks, periodic 
abstinence requires a degree of coopera- 
tion between husband and wife that is 
unusual in many cultures.29 

No one contraceptive can fit the needs 
of every couple any more than one eye- 
glass prescription can correct all vision 
problems. In many cultures, for exam- 
ple, the diaphragm is considered unde- 
sirable because women are uncomfort- 
able with inserting it. It may also be 
impractical where water for washing is in 
short supply. Though the pill is rela- 
tively inexpensive, it may be a highly 
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ineffective method where primary health 
care is poor and contraceptive supplies 
uncertain. And unexpected or unpleas- 
ant side effects can cause considerable 
anxiety among women in countries 
where medical advice is hard to come by. 

First-year discontinuation rates be- 
tween 20 and 40 percent among new pill 
and IUD users in the Third World indi- 
cate that these methods will not be ef- 
fective in meeting the needs of most 
women in these countries. Advances in 
contraceptive technology that address 
concerns about safety and side effects 
will help speed the transition from high 
to low fertility around the world.30 


It can take 15 years or more under 
good conditions for a new contra- 
ceptive to move from laboratory to 
market availability. 


Long-acting, inexpensive methods of 
birth control are more likely to serve the 
needs of low-income consumers in de- 
veloping countries. In this category, re- 
cently developed hormonal implants 
show considerable promise. One such 
product, NORPLANT, is the most ef- 
fective reversible contraceptive yet de- 
veloped, offering protection against 
Pregnancy for five years. Small perme- 
able rods filled with timed-release hor- 
mones are implanted under the skin of 
the upper arm in a simple surgical proce- 
dure. The rods can be removed at any 
time. NORPLANT has already been ap- 
proved in 10 countries, including China, 
Colombia, Finland, Indonesia, Sweden, 
and Thailand, and is still undergoing 
evaluation in 26 others. A two-year 1m- 
plant, NORPLANT-2, is under study in 
several countries. The price tag for 
NORPLANT runs about $2.80 per year 
of protection, a cost that can be signifi- 
cantly reduced as production 1n- 
creases.31 
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It can take 15 years or more under 
good conditions for a new contraceptive 
to move from laboratory to market avail- 
ability. Contraceptives evolve from a 
lengthy process of basic and applied re- 
search, product development, testing, 
marketing, and safety evaluation. In 
order to be registered in the United 
States and most other countries, experi- 
mental methods must pass muster 
through a series of animal and human 
clinical studies that usually take more 
than a decade to complete. Relatively 
few of the many leads scientists follow 
result in a marketable product. Not sur- 
prisingly, contraceptive development is 
an expensive and uncertain undertak- 
ing.3? 

Several new hormonal methods aimed 
at Third World consumers are in varying 
stages of development. WHO is investi- 
gating two new monthly injectables, Cy- 
cloprovera and HRP102, both of which 
will be tested in clinical trials beginning 
in 1988. Biodegradable injectables and 
implants, which break down over time 
and do not require surgical removal, are 
in the early stages of testing. All of these 
are more effective and have fewer side 
effects than their currently available 
counterparts. Market introduction of 
more revolutionary methods, like a two- 
year pregnancy vaccine, a reversible con- 
traceptive for men that reduces sperm 
count, and chemicals for nonsurgical fe- 
male sterilization, is still far off. How 
quickly these methods become available 
hinges on the amount of money and 
scientific effort invested in contraceptive 
R&D.33 

Each new contraceptive technology 
results in an increase in the total number 
of users worldwide, which in turn trans- 
lates into lower fertility rates. Unfortu- 
nately, the prospects for developing and 
disseminating new methods are not 
bright. Measured in constant dollars, 
global funding for overall reproductive 
research—including basic nondirected 
research, contraceptive research and de- 
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velopment, and safety evaluation— 
peaked in 1973. (See Figure 9-1.)54 
Since 1973, European contributions 
to the field have declined in both con- 
stant and current dollars. The U.S. ex- 
penditure, averaging roughly 75 percent 
of the total since 1965, has declined by 
23 percent in real terms since 1978. 
China and India alone among Third 
World countries have spent more than 
$1 million annually in these areas. More- 
over, cutbacks in public support for con- 
traceptive research funding come at a 
time when the private sector is moving 
away from developing new methods, 
placing the burden of contraceptive evo- 
lution on often cash-poor, nonprofit re- 
search institutions. (See Table 9-6.)%5 
Reduced funding and an inhospitable 
political climate are delaying the devel- 
opment and introduction of contracep- 
tive technology just as the demand for 
new methods is multiplying. About $100 
million is needed annually through 2000 
to take new products out of the lab and 
put them onto the market. Creating an 
international consortium of public and 
private groups to promote cooperation 
on contraceptive research and recom- 


Million 
Dollars 
300 


200 


(1986 dollars) 


Source: Alan Guttmacher Institute 
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Figure 9-1. Worldwide Expenditures for 
Reproductive Research, Contraceptive R&D, 
and Safety Evaluation, 1965-83 
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As a result, policymakers enacted the 
one-child family policy in the hope of 
holding the population to about 1.2 bil- 
lion just after the turn of the century.*° 

The policy, intended to last through 
2000, offers a series of incentives and 
disincentives. Substantial pay increases, 
better housing, longer maternity leaves, 
and priority access to education are 
among the benefits offered to one-child 
families, while heavy fines and social crit- 
icism await couples who bear more than 
one. China’s original policy, often seen 
as monolithic in its application, actually 
allows certain segments of the popula- 
tion to have more than one child. Urban 
couples are generally expected to ad- 
here to the policy. But ethnic minorities 
and rural couples—80 percent of the na- 
tion’s population—are allowed two or 
more.#! 

__ Several other countries have turned to 
incentives int their attempts to influence 
fertility trends. Most such programs 
have targeted individuals or couples, 
such as the programs in India and Ban- 
gladesh offering financial incentives for 
sterilization. Several have experienced 
uneven success, and in some cases have 
incited charges of coercion, 

On the other hand, experimental in- 
centive programs aimed at overall com- 
munity participation and development 
have shown some promise. A pilot pro- 
gram in northeastern Thailand tested 
the effects of community-level incentives 
on contraceptive prevalence. Loan funds 
of $2,000 each were set up in several 
villages in conjunction with a family 
planning and health program. Initially, 
loans to individuals were based on char. 
acter, credit-worthiness, and the project 
to be carried out. After the program be- 
came established, preference was given 
to applicants who were practicing family 
planning. Members of the loan fund re- 
ceived shares and dividends on the basis 
of the contraceptive method used; more 
effective methods had higher values. As 
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the level of contraceptive prevalence 
within a village increased, so did the 
total amount of the loan fund.42 

The Thai program was designed to 
prevent coercion. Money was not sub- 
tracted from a loan fund if contraceptive 
prevalence fell; shares in the loan fund 
and the right to borrow were not taken 
away from those who chose not to con- 
tinue using contraceptives. At the end of 
two years, loans totaling $72,000 had 
been granted for small-scale income- 
generating projects, such as pig and silk 
farming and cassava cultivation. During 
that period, contraceptive prevalence in 
the experimental villages rose from 46 
to 75 percent; in control villages, it went 
from 51 to 57 percent. By mixing small- 
family incentives with programs to in- 
crease community self-sufficiency, this 
experiment demonstrated the link be- 
tween lower fertility and higher stan- 
dards of living.43 

Women hold a paradoxical place in 
many societies. As mothers and wives, 
they often bear sole responsibility for 
childrearing and domestic duties. In 
many cultures, they are bound by cus- 
tom and necessity to contribute to 
household income; in some, they are the 
only breadwinners. Despite these roles 
as the linchpins of society, women—par- 
ticularly in the developing world—have 
few rights under the law regarding land 
tenure, marital relations, income, or so- 
cial security. 

In traditional African societies, wo- 
men are required to be economically 
self-sufficient but remain legally and so- 
cially dependent on husbands and par- 
ents. On average, African women are 
completely responsible for child care, 
cooking, cleaning, and food processing. 
They are responsible for at least half the 
effort needed to care for animals, repair 
homes, and market surplus products. 
They are almost entirely responsible for 
water and fuel supplies and food pro- 
duction, and are therefore most closely 
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affected by ecological disruptions such 
as water shortages, deforestation, and 
loss of land productivity due to soil ero- 
sion.*4 

Subsistence agriculture is the respon- 
sibility of African women, while land- 
ownership rights are held by men. 
Under the terms of customary marriage 
agreements, a man “‘buys”’ the labor of 
his bride and the couple’s future off- 
spring from her family. A woman’s eco- 
nomic and social standing rises with the 
number of children she bears, particu- 
larly since children represent xtra 
hands to help with farming, marketing, 


and other tasks. Each additional child . 


affirms a woman’s place within her mar- 
riage, ensures her access to land, and 
fulfills her “obligations” to her husband 
and her own family. But a woman’s claim 
to her children is nonexistent: In the 
case of a divorce, a mother generally 
must leave her children behind.*® 

Such attitudes toward familial rela- 
tionships dim the prospects of reducing 
fertility rates in African societies until 
the status of women improves. Prices 
paid for brides in expectation of high 
fertility increase the wealth of a woman’s 
family. Odile Frank and Geoffrey McNi- 
coll, in a study on population policy in 
Kenya, note that because men bear little 
financial or domestic reponsibility for 
basic subsistence, the costs of large 
numbers of children are invisible to 
them. As a result, they write, “even an 
emerging land shortage is not necessar- 
ily felt by men as a reason to limit fertil- 
ity.” Policies aimed at capping and regu- 
lating bride-price payments as well as 
those recognizing and enforcing a 
woman’s right to lay claim to land may 
serve to at least partially counteract the 
social forces that underlie high fertil- 
Ity,46 

Improving the status of women, Or, 
more specifically, reducing their eco- 
nomic dependence on men, is a crucial 
aspect of development. Until female ed- 


ucation is widespread—until women 
gain at least partial control over the re- 
sources that shape their economic 
lives—high fertility, poverty, and envi- 
ronmental degradation will persist in 
many regions. 


FILLING THE GAP 


Policymakers concerned with population 
dynamics are faced with two objectives: 
reducing the unmet need for family 
planning in intermediate fertility coun- 
tries and, in high fertility countries, pro- 
viding an environment in which small 
families can become the norm. Helping 
couples achieve that norm will require a 
major commitment to family planning 
from both the international community 
and the Third World. But uncertain eco- 
nomic prospects, competing investment 
needs, and international politics have 
subverted the growing support for fam- 
ily planning in developing countries. 
Without the resources needed to back 
that commitment, the trend of declining 
fertility in developing countries may be 
reversed, 

Over the past two decades, about $10 
billion has been spent on family plan- 
ning programs in developing countries, 
with $4 billion coming from donor coun- 
tries and the rest from developing coun- 
tries themselves. The current budget 
from public and private sources for fam- 
ily planning and population activities in 
developing countries is about $2.5 bil- 
lion per year. The Chinese government 
alone spends about $1 billion, while the 
Indian government spends roughly 
$530 million.47 

The international community, partic- 
ularly the United States, has traditionally 
played a significant role in international 
family planning, giving political as well 
as financial support to reducing fertility 
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and charting demographic trends. 
Donor countries have been spending 
about $500 million per year in this area. 
Recently, however, the United States— 
the largest dollar contributor in absolute 
terms—has scaled back its commitment 
to international population assistance. 
U.S. funding fell 20 percent between 
1985 and 1987, from $288 million to 
$230 million. 

More significantly, the United States 
no longer contributes to the U.N. Fund 
for Population Activities (UNFPA) or to 
the International Planned Parenthood 
Federation. At the International Confer- 
ence on Population in Mexico City, the 
Reagan administration set in motion a 
policy denying funds to any interna- 
tional organization that alerted women 
that abortion might be one of their op- 
tions. UNFPA funds were withdrawn as a 
result of U.S. opposition to grants it 
made to China. More than 340 million 
couples in 65 countries are affected by 
this shortsighted policy.48 


The United States has scaled back 
its commitment to international 
population assistance. 


Instead of cutting back on interna- 
tional family planning assistance, the 
United States and other industrial coun- 
tries need to increase their contribu- 
tions. Dr. Joseph Speidel of the Popula- 
tion Crisis Committee of Washington, 
D.C., estimates that in order to achieve 
population stabilization by the end of 
next century, global expenditures must 
rise to $7 billion annually over the next 
decade. Industrial countries could con- 
tribute at least $2 billion of this total.49 

_ An increase in international donor as- 
sistance can be used to strengthen family 
planning in several key areas. First, im- 
proving the Statistics-gathering and ana- 
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lytical capabilities of Third World gov- 
ernments is essential to charting and 
responding to trends more accurately. 
Second, priority should be given to the 
poorest, most rapidly growing countries, 
such as those in sub-Saharan Africa and 
parts of Asia, where services are scant, 
but sorely needed. Third, donors can 
augment funding for programs in coun- 
tries where current efforts are inade- 
quate. And new approaches to family 
planning and social change in these 
countries deserve more support. India 
and Mexico, for example, are both using 
the popular media to spread information 
and promote the concept of smaller 
families. 

Developing countries themselves 
need to make a greater commitment to 
family planning. At the moment, the 
Third World spends more than four 
times as much on weaponry and upkeep 
of military forces as it does on health 
care—$150 billion in 1986, compared 
with $38 billion. Increased government 
funding of family planning and primary 
health care programs is essential as part 
of the effort to speed fertility rate de- 
clines.5° 

Contraceptive supplies, educational 
materials, prenatal health care, and in- 
formation on family health are desper- 
ately needed in rural areas throughout 
the developing world. New approaches 
to contraceptive marketing and distribu- 
tion, such as those that rely on local resi- 
dents and shopkeepers to disseminate 
information and supplies, are now being 
tried in a number of countries, and 
should be considered in others. 

The primary goals of a family plan- 
ning program are to reduce unmet nee 
for fertility control, to improve maternal 
and child health through birth spacing, 
and eliminate the need for illegal abor- 
tion. But an integrated development 
strategy that combines family planning 
with income generation for women, 
reforestation efforts, small-scale agricul- 
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tural projects, and improvements in 
water supply and sanitation will simul- 
taneously reduce births and improve the 
quality of life. 

Although national leadership is 
needed, encouraging the development 
of regional, district, and village pro- 
grams that are responsive to local needs 
is essential too. Programs patterned 
after the Thai loan experiment, relying 
on village leaders to help develop and 
introduce new ideas, may be the most 
successful. The private sector should 
also be involved. Initiatives in Africa and 
elsewhere have shown that it is cost-ef- 
fective for employers to offer primary 
health care and family planning services, 
which result in better overall health and 
higher productivity. In Kenya, a group of 
50 companies and plantations is the sec- 
ond largest provider of family planning. 
Likewise, in Nigeria, Gulf Oil and Lever 
Brothers Co. are planning to introduce 
such programs.>! 
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Three decades of international family 
planning experience hold important les- 
sons for designing effective programs 
and for creating a social environment re- 
ceptive to smaller families. Countries 
such as China, India, Mexico, and Thai- 
land can serve as models for different 
approaches. Sub-Saharan African coun- 
tries may find that region-wide coopera- 
tion on family planning, in the form of 
training and outreach programs through 
perhaps a new consortium on popula- 
tion growth, will strengthen the efforts 
of individual countries. 

As the interdependence of nations 
becomes increasingly clear, so too does 
the knowledge that the fate of even the 
richest nation is intertwined with that of 
the most destitute. Planning families to 
reduce the number of births, improve 
health, and raise living standards is a 
universal responsibility. No nation 
should exempt itself from this global ef- 
fort. 
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Putting the world on a sustainable devel- 
opment path will not be easy, given the 
environmental degradation and eco- 
nomic confusion that now prevail. Mod- 
est increases in energy efficiency invest- 
ments or family planning budgets will 
not suffice. Getting on such a path de- 
pends on a wholesale reordering of pri- 
orities, a fundamental restructuring of 
the global economy, and a quantum leap 
in international cooperation on the scale 
that occurred after World War II. Unless 
the desire to ensure a sustainable future 
becomes a central concern of national 
governments, the continuing deteriora- 
tion of the economy’s natural support 
systems will eventually overwhelm ef. 
forts to improve the human condition. 

A sustainable future requires that a se- 
ries of interlocking issues be dealt with 
simultaneously. Stabilizing population 
will prove difficult until poverty is re- 
duced. It may be impossible to avoid a 
mass extinction of species as long as the 
Third World is burdened with debt. Per- 
haps most important, the resources 
needed to arrest the physical deteriora- 
tion of the planet may not be available 
unless the international arms race can be 
reversed. 


If the world stays on the current path, 


crises will compound and accelerate 
until they overwhelm the capacity of in- 
stitutions to respond. Time is of the es- 
sence: Species lost cannot be recreated. 
Soil washed away may take centuries, if 
not millennia, to replace even under 
careful husbandry. Once the earth gets 
warmer there will be no practical way of 
cooling it. 

Scientists, political leaders, and the 
general public are beginning to recog- 
nize that world population and energy 
trends are disrupting the natural systems 
and resources on which humanity de- 
pends. But the policy adjustments re- 
quired to return the world to a sustain- 
able economic path are lagging far 
behind. The commitment to action is 
negligible in many national capitals, and 
political leaders remain preoccupied 
with day-to-day crises at the expense of 
long-term sustainability. 

With the notable exception of the 
United States, efforts to protect the 
earth’s thin layer of topsoil, for example, 
range from inadequate to nonexistent. 
Other than South Korea and China, de- 
veloping countries have done little to re- 
verse their deforestation. Of even more 
concern is the need to stabilize and re- 
store the forests of the tropics. Scores of 
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developing countries have yet to con- 
front this challenge. 

In industrial countries, evidence of 
forest damage from air pollution and 
acid rain continues to accumulate, with 
19 nations now reporting extensive for- 
est deterioration. Yet while new areas of 
damage come to light and scientific scru- 
tiny increases, not one industrial country 
has designed, let alone enacted, a credi- 
ble plan to reverse the deterioration.! 


The effort to protect the earth’s 
ozone layer provides a welcome 
precedent for cooperative action 
on global threats. 


Close to half the world is succeeding 
in the effort to halt population growth. 
But that means just over half is fail- 
ing. Neglect of the population issue is 
pushing many Third World govern- 
ments into a corner where they soon 
must choose between frantic efforts to 
reduce family size, with the risk of coer- 
cion, and intolerable declines in living 
standards. 

Some progress, albeit inadvertent, has 
been registered in slowing the growth of 
carbon dioxide emissions, but not a sin- 
gle government has adopted an energy 
policy that takes climate change into ac- 
count. Fossil fuel use leveled off during 
the eighties, but it did so because higher 
fuel costs spurred investments in effi- 
ciency, nuclear power, and the use of 
renewables. 

The effort to protect the earth’s ozone 
layer, signaled by the 24-nation protocol 
on chlorofluorocarbons signed in Mont- 
real, provides a welcome precedent 
for cooperative action on global threats. 
But what is needed is a groundswell of 
public support for such innovative dip- 
lomacy. Today, most of the battles to 
protect the planet’s health are being lost. 
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Some have not yet even been effectively 
joined.? 


UNSUSTAINABLE 
DEVELOPMENT 


As noted in earlier editions of State of the 
World, a sustainable society is one that 
satisfies its needs without diminishing 
the prospects of future generations. The 
concept of sustainability originated with 
ecologists concerned about the long- 
term consequences of excessive pres- 
sures on natural support systems, such 
as forests and soils. Though inspired by 
ecology, sustainable development can 
only be achieved through economic and 
political decisions. 

Although forest stocks and soil re- 
serves do not appear in national eco- 
nomic accounts, economies depend on 
them. Even the most advanced society 
depends on the photosynthesis that oc- 
curs in its forests, grasslands, and crop- 
lands. If the biological productivity of 
the land is continually degraded through 
mismanagement, society will eventually 
pay a price. 

The line between an activity that is 
sustainable and one that is not is often a 
thin one. Sustainability can be evaluated 
at the level of individual ecosystems, sec- 
tors of the economy, or geographic re- 
gions. The Peruvian anchovy fishery re- 
mains one of the most clear-cut 
examples of how excessive demand can 
destroy an ecosystem. Glowing econom- 
ic reports accompanied the expansion of 
the Peruvian anchovy fishery as the catch 
rose from 4 million tons in 1960 to 8 
million tons in 1965 and then to 13 mil- 
lion tons in 1970. Ecologists, having es- 
timated that the fishery could sustain a 
yield of 9 million tons, reacted with 
alarm. Their warnings were vindicated 
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during the early seventies, when the an- 
chovy catch plummeted to less than 2 
million per year, where it has since re- 
mained.’ 

Analyses of individual sectors of the 
global economy also reveal unsustain- 
able patterns. Economic reports on 
world food output during the mid-eight- 
ies describe food production that has 
outpaced effective demand, leading to 
surpluses and a  price-depressing 
buildup in world grain stocks. Ecological 
analyses, by contrast, point out that pro- 
duction has expanded in part by plowing 
highly erodible land that cannot sustain 
cultivation over the long term. This eco- 
logical interpretation is reflected in the 
U.S. program designed to convert 40 
million acres (16 million hectares) of ra- 
pidly eroding cropland, roughly 11 per- 
cent of the U.S. total, to sustainable uses 
such as grass or tree production. Highly 
erodible land will likely be withdrawn 
from production in scores of other coun- 
tries in the years ahead, either because it 
is converted to sustainable, less inten- 
sive uses or because it becomes waste- 
land.4 

Signs of unsustainable trends in the 
energy sector are unmistakable. The 
ever expanding use of fossil fuels is, by 
definition, not sustainable. But even be- 
fore reserves are exhausted, fossil fuel 
use may be curtailed because it is acidify- 
ing and destroying local forests and 
fisheries, and because it is leading to a 
planetary warming. 

In terms of geographic regions, the 
yearly addition of 17 million people and 
over 5 million cattle, sheep, and goats in 
Africa is destroying vegetation and de- 
grading land, making the lesson that en- 
vironmental degradation can undermine 
economic progress especially painful. 
The first indication that Africa was in 
trouble came when per capita grain pro- 
duction turned downward, after 1967, 
eventually leading to a decline in real 
incomes as well. Not only are per capita 
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food output and income continuing to 
decline, but nothing in prospect is likely 
to reverse this deterioration.5 

The economic future of the Indian 
subcontinent is similarly threatened. As 
Indian scientists have gathered more ac- 
curate data on deforestation, soil ero- 
sion, and land degradation, official con- 
cern has turned to alarm. India has been 
remarkably successful in expanding the 
harvest from its irrigated land using 
high-yielding varieties of wheat and rice, 
but it is now experiencing severe local 
shortages of water, fodder, and fire- 
wood, In the absence of a major effort to 
reverse the wholesale deterioration of 
the Indian subcontinent, officials fear 
that living standards there may turn 
downward within the next few years, fol- 
lowing the trend in Africa. 

Latin America, though more advanced 
economically, faces a similar situation. 
The combination of rapid population 
growth, environmental degradation, and 
mounting external debt has reduced liv- 
ing standards in most Latin American 
countries well below the levels of 1980. 
As in Africa, living standards are likely to 
be lower at the end of this decade than 
they were at the beginning. Even if ways 
can be found to ease the debt burden, 
continued deterioration of the region’s 
environmental support systems could 
well overwhelm future efforts to reverse 
the decline. 

The immediate effects of population 
growth and land degradation are largely 
local, but the climate alteration linked to 
fossil fuel combustion is incontestably 
global. Just as land degradation can 
threaten local efforts to raise living stan- 
dards, so too climate alteration can over- 
whelm progress at the global level. Ef- 
forts to adjust the global economy to a 
much warmer earth—with the accompa- 
nying changes in rainfall patterns, evap- 
oration rates, and sea level—eventually 
could absorb all available investment 
capital. 
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CONSERVING SOIL AND 
PLANTING TREES 


Restoring two of the earth’s life-support 
systems—its soil and trees—will require 
heavy capital investments and strong 
commitments by political leaders. Esti- 
mating the costs of securing these sup- 
port systems is a speculative undertak- 
ing, handicapped by the lack of reliable 
data both on how rapidly they are deteri- 
orating and how much it will cost to re- 
store them. Further complicating the 
calculation, no consensus exists on the 
most appropriate measures to reverse 
the deterioration. The expenditures 
sketched here are rough estimates at 
best, intended only to convey the magni- 
tude of the effort needed. 

It is appropriate to begin with soils, 
the foundation not only of agriculture 
but of civilization itself. When world 
grain prices surged in the mid-seventies, 
farmers around the world plowed large 
areas of highly erodible land and they 
adopted more intensive, often erosive, 
agricultural practices. Although soil ero- 
sion data do not exist for most countries, 
detailed data on U.S. soil erosion and 
recent expenditures to control it provide 
a basis for estimating a worldwide invest- 
ment in soil conservation. 

As of the early eighties, American 
farmers and the U.S. Department of Ag- 
riculture (USDA) together were spend- 
ing just over $1 billion per year to con- 
trol erosion on cropland, with 
expenditures divided almost equally be- 
tween the two. Despite this effort, a de- 
tailed soil survey conducted in 1982 
showed farmers were losing 3.1 billion 
tons of topsoil annually from water and 
wind erosion, with some 2 billion tons 
believed to exceed tolerable levels of soil 
loss. For every ton of grain they pro- 
duced, American farmers were losing six 
tons of their topsoil. 

Congress responded to this clearly 
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documented threat and the runaway 
costs of farm price-support programs 
(which resulted in large measure from 
the excessive production due to the 
plowing of highly erodible lands) with a 
landmark program, the Conservation 
Reserve, that was incorporated into the 
Food Security Act of 1985. For the first 
time, policy was designed to control ex- 
cessive production and to cut soil losses 
by idling land.” 


For every ton of grain they pro- 
duced, American farmers were los- 
ing six tons of their topsoil. 


One key provision calls for the conver- 
sion of at least 40 million acres of highly 
erodible cropland to grassland or wood- 
land (1 acre equals 0.4 hectares). In 1986 
and 1987, the USDA accepted farmers’ 
bids to enroll 23 million acres, well 
above the rate needed to reach the 40- 
million-acre goal in five years. The 
USDA agreed to pay farmers an average 
of $48 per acre each year for land en- 
rolled in the Reserve, to compensate 
them for net income from the crops the 
land would otherwise have produced.® 

If it is assumed that the average bid to 
retire the entire 40 million acres is a 
slightly higher $50 per acre, it will cost 
the U.S. Treasury $2 billion per year 
once the full area is retired, beginning in 
1990. If the $1 billion already spent each 
year on erosion control is continued but 
targeted on the remaining cropland that 
is eroding excessively, the cost of a com- 
prehensive U.S. government program to 
secure topsoil can be estimated. (See 
Table 10-1.) 

Erosion on the land planted to grass 
or trees during the first year of the crop- 
land conversion program was estimated 
to decline from an average of 29 tons per 
acre to 2 tons. If this rate prevailed on all 
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Table 10-1. United States: Estimated 
Expenditures to Secure Topsoil on 
Cropland, 1986-2000 


Adoption of 


Cropland Conservation 
Year Conversion Practices Total 
(billion dollars) 
1986 0.4 1.0 1.4 
1987 0.8 1.0 1.8 
1988 1.2 1.0 2.2 
1989 1.6 1.0 2.6 
1990 2.0 1.0 3.0 
1995 2.0 1.0 3.0 
2000 2.0 1.0 3.0 


FENT Sa SE PP ee ee ASAN 
souRCE: Worldwatch Institute estimates derived 
from USDA data. 


the land to be enrolled in the reserve, 
excessive erosion would be reduced by 
over I billion tons. This would leave just 
under | billion tons to be eliminated on 
that remaining 30 percent of the crop- 
land still eroding excessively. Much of 
this would be controlled by a provision 
in the Food Security Act that required 
farmers with erodible land to develop an 
approved soil conservation program by 
1990 in order to remain eligible for 
price-support payments, crop insurance, 
and other farm program benefits.9 

In summary, annual expenditures of 
roughly $3 billion would be required for 
the United States to stabilize the soils on 
its cropland once the program is fully in 
place by 1990. These data for the 
world’s leading food producer provide a 
point of departure for estimating the 
cost of stabilizing topsoil on all the 
world’s cropland. 

First, it is assumed that the share of 
world cropland that cannot sustain culti- 
vation with any economically feasible 
soil-conserving agricultural practices is 
one tenth—roughly the same as in the 
United States. This would equal some 
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128 million hectares worldwide. Apply- 
ing the cost of converting such land to 
grassland or woodland in the United 
States as a first approximation, the glob- 
al cost would be $16 billion per year by 
1994. (See Table 10-2.) If expenditures 
to conserve topsoil on the remaining 
erosion-prone cropland are comparable 
to those in the United States (disregard- 
ing for the purpose of illustration the 
vast differences in land tenure and farm- 
ing methods that characterize farming in 
different regions), a global program of 
conservation practices enacted by 1994 
would cost an additional $8 billion annu- 
ally. 

When both the cropland conversion 
program and the full range of needed 
soil-conserving practices are in place, 
global expenditures to protect the crop- 
land base would total some $24 billion 
per year. Although this is obviously a 
large sum, it is less than the U.S. govern- 
ment paid farmers to support _crop 
prices in 1986. As an investment in fu- 
ture food supplies for a world expecting 
3 billion to 5 billion more people, $24 
billion is one that humanity can ill afford 
not to make.1° 


Table 10-2. Estimated Global 
Expenditures to Secure Topsoil on 
Cropland, 1990-2000 


Conversion of 


Cropland to Adoption of 

Grassland or Conservation \ 
Year Woodland Practices Total 

(billion dollars) 

1990 3.2 1.3 4.5 
1991 6.4 9.7 9.1 
1992 9.6 4.0 13.6 
1993 12.8 5.3 18.1 
1994 16.0 8.0 24.0 
1995 16.0 8.0 24.0 
2000 16.0 8.0 24.0 


SOURCE: Worldwatch Institute. 
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Constructing a comparable global es- 
timate of the additional investment in 
tree planting needed to restore tree 
cover is more difficult. Few people dis- 
pute the need to plant more trees. 
Whether to satisfy growing firewood 
needs in the Third World or to stabilize 
soil and water regimes in watersheds 
where land degradation and disruptions 
of the hydrological cycle are undermin- 
ing local economies, adding trees to the 
global forest stock is a valuable invest- 
ment in our economic future. 

Over a billion people live in countries 
that are already experiencing firewood 
shortages. Unless corrective action is 
taken, that number will nearly double by 
the year 2000. An estimated 55 million 
hectares of tree planting will be needed 
to meet the fuelwood demand expected 
at the turn of the century. In addition, 
anchoring soils and restoring hydrologi- 
cal stability in thousands of Third World 
watersheds will require tree planting on 
some 100 million hectares. (See Chapter 
5 for a discussion of both these goals.) 

Considering that some trees would 
serve both ecological and fuelwood ob- 
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jectives, a total of 120 million hectares 
might need to be planted. An additional 
30 million hectares will be needed to sat- 
isfy demand for lumber, paper, and 
other forest products. If this tree plant- 
ing goal is to be achieved by the end of 
the century, the effort would need to 
proceed somewhat along the lines out- 
lined in Table 10-3, with annual plant- 
ings gradually expanding over the next 
several years. 

Estimating the cost of reforesting an 
area equivalent to 150 million hectares 
faces two problems. First, no one ex- 
pects plantations to satisfy more than a 
small share of the rural demand for fuel- 
wood in the Third World. The need for 
fuel is dispersed, not centralized, and 
the only labor force capable of planting 
trees on the scale needed to meet fuel 
needs and to restore barren land is that 
found in local communities. In reality, 
most of the new trees will appear not in 
orderly plantations, but rather on hill- 
sides, next to dwellings, and in borders 


around fields, or will be interplanted 


with crops. The principal resource in 
this effort is thus not capital, but labor. 


Table 10-3. Estimated Tree Planting to Supply Fuelwood, Lumber, and Pulpwood and 
to Stabilize Soil and Water Regimes, 1990-2000 


Soil and Water 
Conservation 


Firewood 
x Supply 


Lumber and 
Pulpwood 


Estimated 
Cost 


Total 
Plantings 


(million hectares) 


(billion dollars) 


1990 2 3 1 6 2.4 
1991 3 4 1 8 8:2 
1992 4 5 2 11 4.4 
1993 5 6 2 13 5.2 
1994 5 6 3 14 5.6 
1995 6 6 3 15 6.0 
1996 6 7 3 16 6.4 
1997 6 hi 3 16 6.4 
1998 6 i] 4 17 6.8 
1999 6 7 4 17 6.8 
2000 7 4 17 6.8 


SOURCE: Worldwatch Institute. 
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Second, reestablishing tree cover on 
severely degraded land is not an easy 
matter, often requiring watering and 
protection from roaming animals. Seed- 
lings can be produced for a fairly modest 
sum, but tree survival rates are often 
low. The planting itself is sometimes a 
minor part of the effort required to es- 
tablish a stand of trees. In many cases, a 
catchment must be built for each tree or 
a terrace cut around a mountainside to 
trap water, soil, and nutrients. Once es- 
tablished, the stand of trees helps main- 
tain itself through self-reinforcing cycles 
of soil building and natural seeding, but 
the initial intervention requires a major 
investment in human time and talent. 

The cost of restoring the earth’s tree 
cover varies widely, according to the ap- 
proach taken. Numerous studies by the 
World Bank and other development 
agencies show costs ranging from $200 
to $500 per hectare for trees planted by 
farmers as part of agroforestry activities 
and up to $2,000 or more for commer- 
cial plantations. Farmers’ costs are lower 
mainly because the labor to plant, main- 
tain, and protect the trees is contributed 
by the family. The effort is seen as an 
investment in family welfare, much as 
home gardening uses family labor to re- 
duce food expenditures. !2 

One purchase that is common to all 
tree planting efforts is the seedlings, 
usually reckoned at $40 per 1,000. A typ- 
ical planting rate of around 2,000 see- 
dlings per hectare would amount to $80 
per hectare for seedlings alone. In esti- 
mating the cost of establishing tree 
cover, it is assumed that the great bulk of 
the 150 million hectares will be planted 
by local villagers and that the average 
cost will be $400 per hectare including 
seedling costs. At this rate, tree planting 
expenditures would total some $60 bil- 
lion, just under $6 billion per year over 
the remainder of this century, The tree 
planting to restore watersheds, thereby 
conserving soil and water, complements 
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the expenditures on soil erosion by 
farmers on their cropland that were dis- 
cussed earlier.!3 


SLOWING POPULATION 
GROWTH 


The success of efforts to save topsoil and 
restore tree cover both depend heavily 
on slowing population growth. Indeed, 
countries with populations expanding at 
2 to 4 percent per year may find it almost 
impossible to restore tree cover, protect 
their soils, and take other steps toward a 
sustainable development path. The eco- 
nomic and environmental future of these 
countries is inextricably entwined with 
their ability to alter reproductive tra- 
dition and dramatically reduce family 
size. 

Providing family planning services in 
response to unsatisfied demand is often 
the quickest and most cost-effective step 
countries can take to secure life-support 
systems. World Bank surveys show that 
from 50 to 90 percent of the women in- 
terviewed in a broad sample of Third 
World countries either want to stop 
childbearing altogether or to delay the 
birth of another child, suggesting an 
enormous unsatisfied demand for con- 
traceptive services. (See Chapter 9.) The 
Bank estimates that providing family 
planning services to all those in need 
would entail expenditures of roughly $8 
billion per year by the end of the cen- 
tury. (See Table 10-4.) 14 

In effect, this level of expenditures 
would help shift global population from 
a total now headed toward 10 billion to 
one on the way toward 8 billion. Two 
hundred million fewer births than ex- 
pected between now and the end of the 
century would put the world on this 
lower demographic path. 
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Table 10-4. Estimated Expenditures on Family Planning and Related Activities in Third 
World to Stabilize World Population Size at Roughly 8 Billion by 2050 


Family 
Planning Social Financial 
Year Services Improvements Incentives Total 
(billion dollars) 

3.0 6.0 4.0 13.0 

91 3.5 8.0 6.0 17.5 
1992 4.0 10.0 8.0 22.0 
1993 4.5 11.0 10.0 25.5 
1994 5.0 11.0 12.0 28.0 
1995 55 11.0 14.0 30.5 
1996 6.0 11.0 14.0 31.0 
1997 6.5 11.0 14.0 31.5 
1998 7.0 11.0 14.0 32.0 
1999 7.5 11.0 14.0 $2.5 
2000 8.0 11.0 14.0 33.0 


source: Worldwatch Institute estimates derived from World Bank data. 


Fertility declines most rapidly when 
family planning services are introduced 
into a society already enjoying broad- 
based economic and social gains. The 
social indicator that correlates most 
closely with fertility decline is the educa- 
tion of women. Simply put, the more 
schooling women achieve, the fewer 
children they choose to bear. There are 
occasional exceptions, but this general 
relationship holds over a wide spectrum 
of cultures. A second social indicator 
that correlates closely with declines in 
birth rates is infant mortality. It is rare 
for birth rates to drop sharply if infant 
Survival remains low. 

Although educating girls and women 
achieves social and economic progress 
and reduces fertility, there are still many 
countries, such as Bangladesh, Senegal, 
and Uganda, where barely half the girls 
of primary school age are attending 
classes. Although almost all govern- 
ments have adopted universal primary 
education as a goal, many have seen 
their educational systems overwhelmed 
by the sheer number of children enter- 


ing school. In India, the world’s second 
most populous country, scarcely three 
quarters of primary-school-age girls are 
actually in school. The governments of 
high fertility societies cannot realistically 
hope to rein in population growth with- 
out broadening access to education and 
thus providing women with options be- 
yond childbearing.'® 


nn 


The more schooling women 
achieve, the fewer children they 
choose to bear. 
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Fulfilling this social condition for a 
more rapid fertility decline will require a 
heavy investment in both school build- 
ing and teacher training. Providing ele- 
mentary education for the estimated 120 
million school-age children not now in 
school would cost roughly $50 each, or 
$6 billion per year. Providing literacy 
training for those women who are illiter- 
ate and beyond school age would re- 
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quire an additional estimated $2 billion 
per year.!6 

Substantial gains in reducing infant 
mortality can be achieved with relatively 
modest investments. Immunizing the 55 
percent of the world’s children not now 
protected from diphtheria, measles, 
polio, and tuberculosis would cost 
roughly $2 billion per year, for example. 
Training mothers in the oral rehydration 
therapy used to treat infants with diar- 
rhea, in basic hygiene, and in the health 
advantages of breast-feeding would cost 
another $1 billion per year. Although 
immunization and the training of moth- 
ers will fall far short of the basic health 
care needed to reduce infant mortality 
rates to those of industrial nations, these 
efforts would markedly lower infant 
deaths and in the process stimulate in- 
terest in reducing family size.!7 

Even when family planning services 
are available, when literacy is high, and 
when infant mortality rates are falling, as 
they have been in East Asia for example, 
birth rates may not fall quickly enough. 
In these circumstances, governments 
often turn to financial incentives. In- 
deed, incentives have played some part 
in almost every country that has quickly 
lowered fertility. South Korea, for in- 
stance, provides free medical care and 
educational allowances to all families 
with no more than two children in which 
one parent agrees to be sterilized.18 

In China, which has one of the most 
comprehensive systems of incentives 
and disincentives in this area, provincial 
governments are encouraged to work 
out their own detailed programs appro- 
priate to local circumstances. Sichuan 
province, for example,’ makes monthly 
payments to couples who agree to limit 
their family to one child. In the early 
eighties, payments of 5 yuan per month 
made until the child reached age 14 
added up to some $420, an amount that 
might exceed the earnings from a 
farmer’s annual harvest. Financial incen- 
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tives that can be used to provide the old 
age security once sought in large num- 
bers of children are invariably among 
the more successful inducements to re- 
duce family size.!9 


STABILIZING THE EARTH’S 
CLIMATE 


The worldwide warming that threatens 
to raise the earth’s average temperature 
by 1.5-4.5 degrees Celsius (2.7-8.1 de- 
grees Fahrenheit) by 2050 is generating 
some of the most difficult questions po- 
litical leaders have ever had to deal with. 
Faced with enormous uncertainty and 
the possibility of catastrophic conse- 
quences, the central issue is whether to 
follow a business-as-usual energy policy 
and risk having to adapt the global econ- 
omy to the changed climate, or to take 
steps to slow the warming. Unfortu- 
nately, the costs of adapting to the glob- 
al warming could one day siphon off so 
much investment capital that economic 
progress would come to a halt and living 
standards would begin to decline. 

As a first step toward devising intelli- 
gent policy, leaders need broad esti- 
mates of the cost of economic adjust- 
ments that may be demanded by higher 
concentrations of carbon dioxide and 
other industrial gases. At present, mod- 
elers cannot predict precisely how the 
climate will change in particular regions. 
Nor is there consensus about how the 
world’s climate will change on the geo- 
graphic scale at which decisions are 
made. Ironically, it may be easier to esti- 
mate the costs of adjusting to some of 
the global effects of climate change, such 
as sea level rise, than to local or national 
changes. 

The most costly adjustments now an- 
ticipated would be those needed to pro- 
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tect coastal areas from the rising sea. 
Some sense of the magnitude of these 
expenses is offered by the Netherlands, 
nearly 60 percent of which is below sea 
level. Each year, the Dutch spend a 
larger proportion of their gross national 
product to maintain a complex set of 
dikes, sea walls, and other structures to 
protect them from the sea—roughly 6 
percent—than the United States spends 
on military defense.?° 

An indication of the human costs 
borne by countries that cannot afford 
massive engineering projects is offered 
by Bangladesh. A low-lying country, 
with millions of its people living only a 
few feet above sea level, it is vulnerable 
to storm surges from the Bay of Bengal. 
Unlike the Netherlands, it cannot afford 
a series of costly dikes. Consequently, 
Bangladesh has paid a heavy toll in 
human lives. In 1970, some 300,000 
people were killed in a single cyclone; 
10,000 people were killed and 1.3 mil- 
lion affected by a storm surge in 1985. 
The willingness of Bangladeshis to re- 
settle in such high-risk areas reflects a 
keen land hunger, one that will intensify 
if the population increases as projected 
from 106 million in 1988 to 305 million 
late in the next century.?! 

No one knows how many of the rice- 
growing river deltas and floodplains in 
Asia or of the world’s low-lying cities will 
be inundated over the next century. The 
coastlines where protection might prove 
necessary in decades to come could eas- 
ily total thousands of kilometers. In the 
Netherlands, a single 4-kilometer barrier 
completed in 1986 to provide extra pro- 
tection against storm surges cost $3.2 
billion. The costs of trying to protect 
productive land and cities from the ris- 
ing sea would thus likely be measured in 
the trillions of dollars.?2 

The many costs of adjusting the world 
economy—country by country and sec- 
tor by sector—cannot yet be calculated, 
but the experience of countries like the 
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Netherlands suggests that they could be 
astronomical. If leaders decide instead 
to slow the warming of the planet and 
delay or prevent these costly adjust- 
ments, how much should they be pre- 
pared to invest in energy efficiency and 
in the development of renewable energy 
resources in the years immediately 
ahead? Twice present levels? Five times 
as much? Ten times as much? 


Bangladesh, unlike the Nether- 
lands, cannot afford a series of 
costly dikes. 


One thing is clear: If the projected 
warming is to be minimized, the buildup 
of carbon dioxide and the trace gases 
that contribute to the greenhouse effect 
must be slowed, and quickly. One small 
step in the right direction is the goal of 
halving emissions of chlorofluorocar- 
bons, as called for in the September 


. 1987 Montreal accords. And as earlier 


chapters have argued, carbon emissions 
can be reduced by raising the efficiency 
of energy use, by shifting from fossil 
fuels to renewable energy sources, and 
by reversing deforestation. In 1987, fos- 
sil fuel combustion emitted some 5.4 bil- 
lion tons of carbon into the atmosphere, 
while deforestation released on the 
order of 1 billion to 2.6 billion tons.” 
Two benchmarks can help evaluate 
the potential for raising world energy 
efficiency. One is the level of efficiency 
attained by the most energy-efficient 
countries. The second is the levels 
achieved by the most energy-efficient 
technologies now used in trans- 
portation, food production, heating, 
lighting, industrial processes, and so on. 
The efficiency with which energy 1s 
used varies widely among countries. 
(See Chapter 3.) Japan, for example, the 
world’s third largest economy, 1s one of 
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the most efficient simply because both 
government and industry have empha- 
sized energy efficiency to make their re- 
source-poor country more competitive 
in world markets. The United States uses 
twice as much energy to produce a dol- 
lar’s worth of goods and services as 
Japan does. The Soviet Union, with one 
of the world’s least efficient economies, 
uses three times as much as Japan. Even 
Japan does not come close to fully ex- 
ploiting available technologies.*4 

Replacing existing technologies with 
more efficient ones is merely the first 
step. Beyond this, economic systems can 
be redesigned so that some sectors can 
be sustained with relatively little energy. 
For example, although fuel-inefficient 
cars can be replaced with more efficient 
ones, the large gains in transport effi- 
ciency will come from designing com- 
munities where residents do not depend 
on automobiles. 

Over the longer term, many countries 
can aim to reduce carbon emissions by 
shifting away from fossil fuels to other 
generating sources. Developing coun- 
tries can neither afford the investment 
nor manage the risks inherent in reliance 
on nuclear power. Renewable energy 
sources are better matched to their 
needs. These sources include hydro- 
power, fuelwood, agricultural wastes, 
wind power, solar water heaters, photo- 
voltaic cells, agriculturally based alcohol 
fuels, and geothermal energy. (See 
Chapter 4.) Assuming the forests sup- 
plying fuelwood are managed on a sus- 
tainable-yield basis, none of these raises 
atmospheric carbon dioxide. 

The potential for renewable energy 
development varies widely among coun- 
tries. With hydropower, the industrial 
regions of North America and Europe 
have developed their most promising 
sites. But Asia, Africa, and Latin America 
have developed less than one tenth of 
their potential, leaving enormous op- 
portunities for both large-scale and 
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small-scale hydropower. Although large 
projects involve difficult environmental 
and social trade-offs, they typically pro- 
vide power at less cost than small ones.25 

Some sources of renewable energy, 
such as wind power and photovoltaics, 
are in the early stages of global develop- 
ment, but the local rate of development 
is in some cases astonishing. Within a 
four-year span, California developed 
more than 1,000 megawatts of wind- 
powered generating capacity at roughly 
half the cost per megawatt of nuclear 
power. India now plans to develop 5,000 
megawatts of wind power by the end of 
the century. If the entire world were to 
systematically harness its wind power 
potential, thousands of megawatts could 
undoubtedly be generated.?6 

Even in exploiting a technology as 
simple as solar water heaters, there are 
enormous variations among societies, 
variations that reflect different levels of 
social commitment to the technology. In 
Israel, an energy-poor country attempt- 
ing to reduce its dependence on im- 
ported fossil fuels, some 65 percent of 
all residences have solar water heaters. 
Israeli energy planners expect that even- 
tually nearly all residential water will be 
heated by the sun. Japan, also committed 
to reducing oil and coal imports, has 
some 4 million solar water heaters in 
use:37 


As market reforms penetrate the 
Soviet economy, energy efficiency 
will climb sharply. 


Countries that rely heavily on renew- 
able energy typically use several differ- 
ent sources. Among the largest is Brazil, 
a country that relies heavily on hydro- 
power for electricity, alcohol fuels for 
transport, and charcoal for steel smelt- 
ing. Altogether, renewable energy 
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sources account for some 60 percent of 
Brazil’s total energy use, making it the 
first large industrializing economy to 
rely primarily on renewables. The Phil- 
ippines, which now gets half its energy 
from renewables, has also made major 
strides over the past decade in substitut- 
ing indigenous renewable energy for im- 
ported oil, concentrating on the devel- 
opment of hydropower, firewood, 
geothermal energy, and the use of agri- 
cultural wastes.?8 

A third activity that could help slow 
the pace of climate change is the tree 
planting discussed earlier in this chap- 
ter. As noted, South Korea is the only 
developing country that has successfully 
reversed the trend toward deforestation. 


China, with a renewed commitment to: 


tree planting in the eighties, may be on 
the verge of doing so. If India can reach 
its recently adopted goal of planting 5 
million hectares per year, which it is not 
yet close to doing, it too will turn the tide 
on forest loss.?9 

At the national level, a few initiatives 
could dramatically reduce global carbon 
emissions. At the top of the list are the 
economic reforms launched by Mikhail 
Gorbachev in the Soviet Union. As mar- 
ket reforms penetrate the ossified Soviet 
economy, energy efficiency will climb 
sharply, eliminating some of the extraor- 
dinary waste associated with its central- 
ized planning and management. The 
vast potential these reforms hold for re- 
ducing carbon emissions gives the entire 
world a stake in their success. 


A second significant national initiative — 


on this issue would be a renewed com- 
mitment to automobile fuel-efficiency 
standards in the United States. Between 
1974 and 1987, the fuel efficiency of new 
cars in the United States nearly doubled, 
increasing from 14 to just over 26 miles 
per gallon, largely because of legislation 
passed in 1976. If the United States were 
to double fuel-efficiency standards for 
vehicles again by the end of the cen- 
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tury—a level that can be achieved with 
cars now on the market—global carbon 
emissions would drop measurably.°° 

Brazil ranks fourth in carbon dioxide 
emissions not because it is a heavy user 
of fossil fuels, but because it is burning 
its vast Amazon rain forest to make way 
for cattle ranching and crop production. 
Accumulating scientific evidence sug- 
gests that preserving the Amazon forests 
is in Brazil’s interests as much as the 
world’s. At the moment, these forests 
support a few million people on a sus- 
tainable basis, including indigenous 
tribes and rubber tappers. If the forest is 
burned off, soils can deteriorate quickly, 
creating a wasteland incapable of sup- 
porting even cattle. There is also a risk 
within Brazil, where the vast Amazon 
rain forest helps shape continental cli- 
mate patterns, that unrestrained forest 
clearing would adversely affect rainfall 
and temperatures in the important agri- 
cultural regions to the south.3! 

Pressure on the Amazon forests can be 
relieved only if the government of Brazil 
slows population growth and institutes 
meaningful land reform. Neither alone 
will suffice. Bringing population growth 
to a halt without land redistribution will 
ensure continued settlement of the Ama- 
zon region. Similarly, an effective land 
reform program on its own will reduce, 
but not eliminate, pressures to clear the 
Amazon for farming. 

Up until now, no national government 
has explicitly attempted to design an en- 
ergy policy intended to reduce carbon 
emissions. The time to do so has arrived. 
Just as some countries banned various 
uses of chlorofluorocarbons 1n the late 
seventies, thereby laying the ground- 
work for the September 1987 agreement 
signed in Montreal, so leadership by in- 
dividual countries in cutting carbon 
emissions could hasten a broader inter- 
national consensus on actions to slow 
the global warming. 


Expenditures in energy efficiency and 
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renewable energy sufficient to head off 
the warming cannot easily be estimated, 
in contrast to those on soil conservation 
and population stabilization. Having 
only a sense that the costs of climate 
change are enormous, we recommend a 
tripling in the annual investment in en- 
ergy efficiency during the nineties and a 
doubling in investment in developing re- 
newable energy resources. These invest- 
ment levels, which offer immediate envi- 
ronmental and economic gains, should 
be viewed as minimal. If the economic 
disruption associated with the global 
warming passes the threshold of political 
acceptability, then investments far 
greater than those outlined here will be 
made to reduce fossil fuel use. 


INVESTING IN 
ENVIRONMENTAL SECURITY 


For four decades, security has been de- 
fined largely in ideological terms. The 
East-West confrontation has dominated 
international affairs, setting priorities in 
the use of public resources. It has 
spawned an arms race and put the world 
economy on a more or less permanent 
war footing. Although this deadlock and 
the ever present risk of nuclear war con- 
tinue to threaten human security every- 
where, the deterioration of the bio- 
sphere now also threatens the security of 
not only this generation but future ones 
as well. 

To continue with a more or less busi- 
hess-as-usual attitude—to accept the 
loss of tree cover, erosion of soil, the 
expansion of deserts, the loss of plant 
and animal species, the depletion of the 
ozone layer, and the buildup of green- 
house gases—implies acceptance of eco- 
nomic decline and social disintegration, 
In a world where progress depends ona 
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complex set of national and interna- 
tional economic ties, such disintegration 
would bring human suffering on a scale 
that has no precedent. The threat posed 
by continuing environmental deteriora- 
tion is no longer a hypothetical one. 
Dozens of countries will have lower liv- 
ing standards at the end of the eighties 
than at the beginning. We can no longer 
assume that economic progress is auto- 
matic anywhere. 

The momentum inherent in popula- 
tion growth, the forces of land degrada- 
tion, and the changing chemistry of the 
atmosphere make it difficult to get the 
world on a sustainable development 
path. The inertia of our political institu- 
tions further complicates the task. The 
scale of these challenges and the ur- 
gency with which they must be ad- 
dressed requires that they be moved 
from the periphery to the center of gov- 
ernmental agendas. 

As preceding sections have outlined, 
investments above and beyond current 
expenditures are needed to stabilize top- 
soil, restore tree cover, get the brakes on 
population growth, and foster develop- 
ment of energy efficiency and renewable 
power sources quickly enough to slow 
the global warming. (See Table 10-5.) 
Efforts to retire Third World debt, dis- 
cussed later in this section, are also es- 
sential. The numbers used in this table 
are rough estimates, bounded by wide 
margins of uncertainty. Though based 
on specific experiences wherever possi- 
ble, the figures in Table 10-5 are not 
intended to be authoritative. Instead, 
they are meant as a point of departure to 
stimulate thinking about what it will take 
to put the world on a sustainable path. 

For the purposes of this discussion, 
these expenditures are treated as outlays 
only, but in reality they would yield sub- 
stantial net savings over the longer term. 
Each $1 invested in energy efficiency in 
the United States, for example, trims an 
estimated $2 from electricity bills. The 
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Table 10-5. Rough Estimates of Additional Expenditures to Achieve Sustainable 
Development, 1990-2000 


Protecting Slowing Raising Developing vag 

i Topsoil on Reforesting Population Energy Renewable World 
Year Cropland the Earth Growth Efficiency Energy Debt Total 

(billion dollars) 

1990 4 2 13 5 2 20 46 
1991 9 3 18 10 5 30 75 
1992 14 4 22 15 8 40 103 
1993 18 5 26 20 10 50 129 
1994 24 6 28 25 12 50 145 
1995 24 6 30 30 15 40 145 
1996 24 6 31 35 18 30 144 
1997 24 VARIO 32 40 21 20 143 
1998 24 7 32 45 24 10 142 
1999 24 7 32 50 27 10 150 
2000 24 7 33 55 30 0 149 
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source: Worldwatch Institute. 


same can be said about family planning 
expenditures. In societies where popula- 
tion pressures are excessive, the rela- 
tively modest expenditure to avoid an 
additional birth is not only repaid sev- 
eral times over, it may be essential to 
reversing a decline in living levels. 

In addition, not all the expenditures 
outlined in Table 10-5 are “invest- 
ments” in the strict sense; both soil con- 
servation and population stabilization 
entail substantial recurrent costs, while 
spending for energy efficiency and re- 
newable energy commonly represents 
one-time capital outlays that yield long- 
term benefits. The need for these invest- 
ments will not end at the turn of the 
century; rather, these priorities repre- 
sent a first substantial step toward re- 
Structuring the global economy along 
lines that will sustain progress. 

The priorities in Table 10-5 reflect a 
common goal of restraining carbon 
emissions, which they achieve in a vari- 
ety of ways. Once. erodible land is 
planted to grass or trees, for instance, it 


begins to absorb carbon from the atmo- 
sphere. Tree planting along the lines 
suggested earlier to supply fuelwood, 
lumber, and other forest products, and 
to stabilize soil and water regimes, will 
fix large quantities of carbon. Combined 
with the planting of highly erodible 
cropland to grassland or trees—already 
under way in the United States—this will 
fix close to a billion tons of carbon annu- 
ally in the late nineties as young stands 
of trees mature. 

If remaining forests are better 
managed and new plantings begin to 
meet a substantial share of human 
needs, stabilizing the earth’s forested 
area could reduce global carbon emis- 
sions by some 1.5 billion tons, more than 
a fifth of 1986 emissions. Meanwhile, the 
energy saved during the nineties 
through the proposed tripling of annual 
investments in energy efficiency, plus 
the new supplies from a doubled invest- 
ment in renewables, could meet much of 
the projected growth in energy demand 
between now and the end of the century. 
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Together, these forestry and energy 
initiatives could actually reduce carbon 
emissions by the year 2000, helping to 
minimize the global warming. The likeli- 
hood of investments being made de- 
pends on the threat of disruptive climate 
change being taken seriously by enough 
governments and the ability of these 
governments to work together to forge a 
common strategy. 

Through decisions about existing and 
prospective energy technologies, hu- 
manity has far more control over the rate 
of global warming than is commonly 
recognized. In addition to direct influ- 
ence over the activities that produce car- 
bon dioxide and the land uses that se- 
quester carbon from the atmosphere, 
accelerating progress toward population 
stabilization can reduce the numbers de- 
pendent on activities that put climate 
stability at risk. The many factors that 
will shape future energy demand and the 
pattern of human activities in genera- 
tions to come cannot be forecast with 
any certainty, but investing some $150 
billion per year in areas that broaden 
human options in the face of enormous 
uncertainty would be a reasonable down 
payment on an environmentally sustain- 
able global economy. 


A world where living standards are 
continually falling in some regions 
and continually rising in others is 
unacceptable. 


ee 


Two barriers now stand in the way of 
ensuring that capital and political will 
are available on the scale needed. One is 
the profound misallocation of capital im- 
plicit in global military expenditures of 
$900 billion each year. The other is the 
unmanageable Third World debt that 
burdens the world economy. Unless 
these obstacles are overcome, funds on 
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the scale needed to ensure sustainable 
development will not be available. 

The external debt of the Third World, 
now totaling roughly $1 trillion, is grow- 
ing at some $60 billion a year. Interest 
payments of some $80 billion per year 
have reversed the traditional net flow of 
capital from the industrial to the devel- 
oping countries, leading to a net capital 
transfer from poor countries to rich of 
nearly $30 billion annually. Five years 
have passed since Third World debt 
emerged as a major international issue, 
and all the prescribed remedies have 
failed.2 

The economic and social progress that 
normally drives the demographic transi- 
tion, leading to slower population 
growth, has been replaced in many 
countries by falling incomes. As a result, 
rapid population growth continues, de- 
stroying the environmental support sys- 
tems on which future economic progress 
depends, A world where living standards 
are continually falling in some regions 
and continually rising in others is an un- 
acceptable prospect. 

The economic advantages to the en- 
tire world of easing the stranglehold of 
external debt on international develop- 
ment and trade are evident. World Bank 
president Barber Conable has pointed 
out that the heavily indebted middle-in- 
come developing countries reduced 
their imports from $165 billion in 1980 
to $110 billion in 1985. And this at a 
time when they normally would have in- 
creased their imports to $220 billion.%? 

Recognizing that this situation is un- 
tenable, numerous experts have pro- 
posed ways of dealing with a level of debt 
that has grown beyond all reasonable 
hope of repayment. One possibility 
would be to set up a fund jointly managed 
by the International Monetary Fund and 
the World Bank, perhaps called a Debt 
Retirement Fund (DRF), with the inten- 
tion of retiring enough Third World debt 
to restore economic progress. The 1987 
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restructuring of the World Bank, includ- 
ing a new emphasis on the primacy of 
environmental concerns in development 
planning, puts it in a position to provide 
leadership in formulating sustainable de- 
velopment strategies. A fund to retire 
outstanding debt could complement 
such strategies.34 

Japan, with its enormous trade sur- 
pluses, could take the lead in organizing 
such a fund with a major contribution of 
its own, much as the United States as- 
sumed the leadership with the Marshall 
Plan in rebuilding war-torn countries 
after World War II. Canada has already 
taken a bold step in the right direction, 
by canceling the $581 million official 
debt owed it by African countries.%° 

Debt relief would be handled by the 
fund on a country-by-country basis, with 
funds going to countries that could de- 
vise a credible sustainable development 
strategy, including efforts to increase en- 
ergy efficiency, develop renewable en- 
ergy sources, stabilize population, re- 
plant forests, and conserve soils. When a 
country agreed to take the needed steps, 
the DRF would convene a meeting of the 
relevant bilateral aid agencies of the 
donor countries. Officials of the new 
fund would design a package that would 
include forgiveness of all or part of the 
debt held by the bilateral agencies. 

The new fund could agree to purchase 
a portion of the country’s external pri- 
vate debt at the rate at which its debt 
issues were trading on the secondary 
market, roughly half face value. For pur- 
poses of illustration, assume an out- 
standing external debt of $10 billion. 
With $2 billion of its resources, the DRF 
could purchase $4 billion worth of debt. 
If bilateral aid agencies collectively can- 
celed $1 billion of debt, only $5 billion 
of outstanding debt would remain, a 
level that the country should be able to 
manage. Such a move would also rees- 
tablish confidence in the economy, €n- 
couraging both a return of capital and 
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new foreign investment. The goal would 
not be to eliminate a country’s outstand- 
ing debt, but to reduce it to a level that 
would restore economic progress. 
Estimating how much debt reduction 
would be needed to restore economic 
progress is not easy, particularly since 
the debt continually grows. At a mini- 
mum, it would be necessary to eliminate 
the annual net outflow of roughly $30 
billion, replacing it with a net inflow of at 
least the same magnitude. Even if the $1 
trillion of the Third World debt does not 
rise further, it will require some $800 
billion in interest payments in the nine- 
ties if interest rates hold at around 8 per- 
cent. The estimated capital needed to 
reduce the debt to manageable levels in 
the Third World during the next decade 
could be as much as $300 billion, 
enough to retire $600 billion of debt dis- 
counted at 50 percent of face value. 
With the estimates of debt retirement 
we now have the principal components 
of the overall expenditures needed to 
get the world onto a sustainable devel- 
opment path. As indicated in Table 
10-5, our rough estimate of the invest- 
ments needed to reduce Third World 
debt to a manageable level and to pro- 
tect environmental support systems and 
stabilize climate is roughly $45 billion in 
1990, with an increase to nearly $150 
billion per year by the mid-nineties. 
This capital could be obtained either 
by increasing taxes or by reordering ex- 
isting expenditure priorities. It may 
make more sense for most governments 
to divert resources from the military 
than from elsewhere for two reasons: 
First, many governments will be reluc- 
tant to reduce expenditures in other 
major sectors, such as health or educa- 
tion. Second, and perhaps more 1mpor- 
tant, such a reordering of priorities 
would be part and parcel of efforts to 
reduce international tensions. Without 
this, the cooperation needed to put the 
world on a sustainable environmental 
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and economic path is not likely to be 
forthcoming. 

In a business-as-usual world, global 
military expenditures would probably 
continue at something like $900 billion 
annually, where they seem to have lev- 
eled off in the late eighties. A shift of 
resources from the military sector into 
investments in sustainability might re- 
semble the pattern of priorities in Table 
10-6. A reduction in military expendi- 
tures of nearly one sixth could rejuve- 
nate moribund national economies. The 
Soviet Union has already indicated an 
interest in a plan to shift resources from 
its military sector to aid developing 
countries.36 

Such a shift in expenditures from the 
military sector to sustainable develop- 
ment activities is not without precedent. 
China has followed precisely this path 
over the past decade. Ten years ago, the 
government spent nearly 13 percent of 
its gross national product on military 
purposes, one of the highest in the 
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world. Since then, a one-tenth reduction 
of military expenditures in a rapidly ex- 
panding economy has reduced the mili- 
tary share by nearly half, dropping to an 
estimated 7 percent in 1986. At the same 
time, investments in family planning, 
reforestation, and food production have 
expanded dramatically. These shifts, ac- 
companied by economic reforms, have 
helped China dramatically lower its birth 
rate and raise per capita food production 
by half within a decade. It is precisely 
such a combination that can yield the 
greatest progress for the rest of the 
world during the years ahead.” 


ENTERING A NEw ERA 


As increasing human numbers and ad- 
vancing technologies have expanded the 
scale of human activity, we find ourselves 
in a new era, one in which the environ- 


Table 10-6. Two Possible Global Security Budgets, 1990-2000 


Global Security 
Defined in Military 
Terms 


Global Security Defined in 
Sustainable Development Terms 


Expenditures 


Current Military to Achieve Total 
Expenditures Military Sustainable Security 
Year Continued Expenditures Development Expenditures 
(billion dollars) 

1990 900 854 46 900 
1991 900 825 75 900 
1992 900 797 103 900 
1993 900 771 129 900 
1994 900 755 145 900 
1995 900 755 145 900 
1996 900 756 144 900 
1997 900 757 143 900 
1998 900 758 142 900 
1999 900 750 150 900 
2000 900 751 149 900 


SOURCE: Worldwatch Institute. 
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mental effects of economic activities spill 
far beyond national borders. Govern- 
ments assume responsibility for supply- 
ing energy at home, but not for the acid 
precipitation that destroys forests in 
nearby countries or for the carbon diox- 
ide buildup that will warm the earth. 
Deforestation in Nepal can aggravate 
flooding in Bangladesh. The manufac- 
ture of chlorofluorocarbons in Japan can 
influence skin cancer rates in Argentina. 
The list of such connections is endless. 


The link between cause and effect 
has been severed by the nature of 
today’s international political sys- 
tem. 


eee 


The world is now facing a crisis of gov- 
ernance resulting from the mismatch be- 
tween the international and sometimes 
global environmental consequences of 
domestic economic policies and the na- 
tional interests that shape these policies. 
The link between cause and effect has 
been severed by the nature of today’s 
international political system. Unless 
this can be remedied by creating new 
international institutions or by expand- 
ing the authority of existing ones, no 
mechanism will exist to promote respon- 
sible behavior. To leave processes that 
will directly influence the future habita- 
bility of the planet to chance is risky be- 
yond reason. 

In some important respects, the world 
situation today resembles that during 
the mid-forties. For 15 years the world 
had been in the grip of economic depres- 
sion or war. The collective effect of na- 
tional monetary and trade policies 
adopted during the early thirties to serve 
short-term national interests had 
brought the world economy to its knees. 
The unilateral pursuit of economic goals 
by national governments proved to bea 


(187) 


prescription for disaster. A similar crisis 
paralyzed international diplomacy. With 
the failure of the League of Nations in 
the early twenties, there was no institu- 
tional forum within which to address 
Hitler’s expansionist policies in Europe. 

The scale of human suffering as a re- 
sult of the Great Depression and World 
War II gave the international community 
the resolve to address the weaknesses 
inherent in the system. In 1944, mone- 
tary authorities from 44 countries met in 
Bretton Woods, New Hampshire, to or- 
ganize the International Monetary Fund 
(IMF), charging it with the responsibility 
to secure international monetary coop- 
eration. As part of its mandate, the IMF 
established a capital fund that countries 
deficit in their international accounts 
could draw upon rather than adopt pro- 
tectionist trade policies of the sort that 
had deepened and prolonged the De- 
pression. r 

The following year, diplomats met in 
San Francisco to approve a charter for 
the United Nations. With the horrors of 
war freshly imprinted in their minds, na- 
tional representatives established within 
the United Nations a Security Council 
endowed with the authority to intervene 
in regional conflicts, with force if neces- 
sary, upon approval of its members. In 
contrast to the IMF, which has played a 
central role in the international econom- 
ic system, the Security Council was ham- 
strung almost from its inception by the 
ideological conflict between the United 
States and the Soviet Union, the two 
most powerful of its five permanent 
members. 

This period of crisis produced some 
visionaries, leaders who were able to en- 
gineer an effective response to the new 
threats to progress. One was General 
George Marshall, U.S. Secretary of State 
from 1947 to 1949. When he proposed 
in 1947 that the United States launch a 
massive international assistance plan to 
rebuild Europe, including Germany, the 
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conventional image of postwar relation- 
ships was turned upside down. Instead 
of plundering the defeated enemy, the 
United States held out a helping hand, 
launching a massive reconstruction of 
victors and vanquished alike, an effort 
that led to a generation of European 
prosperity. 

Within Europe, leaders confronted 
with the rubble of World War II recog- 
nized that European civilization could 
not survive another Franco-German war 
of the kind that had historically plagued 
the region. Individuals like Belgium’s 
Paul-Henri Spaak and France’s Jean 
Monnet pushed for creation of the Euro- 
pean Coal and Steel Community in 
1950, later expanded into the European 
Economic Community or Common Mar- 
ket. As a result of their efforts, few worry 
today about the outbreak of war between 
France and West Germany, or indeed 
between any West European nations. 
Such an event has become an anachro- 
nism in the late twentieth century. 

Initiatives of comparable boldness are 
needed in the late eighties. Whether any: 
Marshalls or Monnets will emerge re- 
mains to be seen. The world may not 
have the financial resources to both sus- 
tain the arms race and make the invest- 
ments needed to return the world to a 
sustainable development path. The 
agreement between the United States 
and the Soviet Union to eliminate all me- 
dium- and short-range nuclear missiles 
is a promising step. If the two superpow- 
ers can transcend their ideological dif- 
ferences and work together within the 
U.N. Security Council, as they began to 
do in late 1987 to end the Iran-Iraq war, 
then that forum could become the 
peace-enforcing agency intended by its 
founders. Such a clear vote of confi- 
dence in international conflict resolution 
would not only reinforce progress on 
arms control by the superpowers, it 
would allow a reduction in the size of 
national military establishments every- 
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where, freeing up resources to invest in 
sustainability.38 

With the stage set for a major reorder- 
ing of national priorities, governments 
could focus their energies on protecting 
and restoring natural support systems, 
and begin to consider the vast challenge 
posed by climate change. The interna- 
tional community could concentrate on 
reversing the environmental deteriora- 
tion and economic decline now affecting 
so many Third World countries. 

The parallels between the world situa- 
tion in the late eighties and the mid-for- 
ties suggest a need for new mechanisms 
of international cooperation. Then, the 
need-was to deal with the devastation of 
war. Now, the need is to address the en- 
vironmental devastation caused by a de- 
structive energy path and failed popula- 
tion policies. These trends can be clearly 
identified. Whether they can be reversed 
in time to avoid serious economic dis- 
ruptions in the global economy and a 
sustained decline in living standards be- 
yond Africa is an open question. 

The deterioration of the earth’s life- 
Support systems is threatening, but the 
psychological toll of failing to reverse it 
could also be high. Such a failure would 
lead to a loss of confidence in political 
institutions and would risk widespread 
demoralization—a sense that our ability 
to control our destiny is slipping away. 

If, on the other hand, the world can 
mobilize along the lines discussed here, 
the trends that threaten to undermine 
the human future can be reversed. If 
widespread concern motivates political 
action, and if the needed changes in na- 
tional priorities, national policies, and 
individual life-styles take root, then— 
and only then—can we expect sustained 
improvement in the human condition. If 
our future is to be environmentally and 
economically sustainable, many adjust- 
ments will have to be made. It will not be 
enough that we care. We must also act. 
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insupportable costs of nuclear 
power. Simply put, the question 
becomes: If not coal, and if not 
nuclear, then what? The authors 
sketch the vast promise that lies in 
improved energy efficiency and 
renewable power sources, and 
recommend policies to unleash this 
potential. 


Other chapters challenge leaders to 
reforest the earth, avoid a mass 
extinction of species, redesign 
farming and industry to curtail toxic 
chemicals, renew the global commit- 
ment to family planning, and halt the 
costly and ill-conceived Strategic 
Defense Initiative. As never before, 
human prospects depend on such 
efforts to restore and manage the 
natural systems that underpin the 
global economy. 
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The health of the earth's inhabitants cannot be separated from that of 
the planet itself. 

More than one-fifth of Europe's forests are now damaged by air pollution 
and acid rain. 

Since 1973, the world has saved far more energy than it has gained from 
all new sources of supply combined. 

Designating parks—a static solution to a dynamic problem—is no longer 
enough to avert a mass extinction of species. 

By the turn of the century the new U.S. appliance efficiency standards 
will keep 342 million tons of carbon out of the atmosphere. 

The Third World spends more than four times as much on weaponry 
and upkeep of military forces as it does on health care. 

Costs are falling so rapidly that household solar power may become 
practical in little more than a decade. 

One of the greatest challenges will be to meet the energy needs of the 
poor without repeating the mistakes of the rich. 

Bolivia has become the first tropical country to protect threatened 
ecosystems in exchange for partial debt relief. 

To leave processes that will directly influence the future habitability of 
the planet to chance is risky beyond reason. 


The world may not have the financial resources to both sustain the arms 
race and make the investments needed to return to a sustainable 
development path. 


A world where living standards are continually falling in some regions 
and continually rising in others is unacceptable. 
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State of the World does not cover the same topics each year but deals 
with the shifting constellation of issues that relate to sustainability. 


The earlier editions for 1984, 1985, 1986 and 1987 have also been 
published by Prentice-Hall of India. 


ISBN-0-87692-598-0 


